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PREFACE. 



The solution of a problem by arithmetic, 
although in some cases more laborious than the 
algebraic method, gives the better comprehension of 
the subject. Arithmetic is analysis and bears the 
same relation to algebra that plane geometry does to 
analytical geometry. Its power is comparatively 
limited, but it isf exceedingly instructive in its treat- 
ment of questions to which it applies. 

In the following work the problems of electrical 
engineering and practical operations are investigated 
on an arithmetical basis. It is believed that such 
treatment gives the work actual value in the analy- 
tical sense, as it necessitates an explanation of each 
problem, while the adaptability of arithmetic to 
readers who do not care to use algebra will make 
this volume more widely available. 

In electricity there is much debatable ground, 
which has been as far as possible avoided. Some 
points seem quite outside of the scope of this book, 
such as the introduction of the time-constant in 
battery calculations. Again the variation in con- 
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stants as determined by different authorities made 
a selection embarassing. It is believed that some 
success has been attained in overcoming or com- 
promising difficulties such as those suggested. 

Enough tables have been introduced to fill the 
limits of the subject as here treated. 

The full development of electrical laws involves 
the higher mathematics. One who would keep up 
with the progress of the day in theory has a severe 
course of study before him. In practical work it is 
believed that such a volume as the Arithmetic of 
Electricity will always have a place. We hope that 
it will be favorably received by our readers and that 
their indulgence will give it a more extended field of 
usefulness than it can pretend to deserve. 
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CHAPTER I. 

INTRODUCTORY. 



Space is the lineal distance from one point to 
another. 

Time is the measure of duration. 

Force is any cause of change of motion of matter. 
It is expressed practically by grams, volts, pounds 
or other unit. 

Resistance is a counter-force or whatever opposes 
the action of a force. 

Work is force exercised in traversing a space 
against a resistance or counter- force. Force multi- 
plied by space denotes work as foot-pounds. 

Energy is the capacity for doing work and is 
measurable by the work units. 

Mass is quantify of matter. 

Weight is the force apparent 'when gravity acts 
upon mass. When the latter is prevented from 
moving under the stress of gravity its weight can 
be appreciated. 
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Physical and Mechanical calculation^ are based on 
three fundamental units of dimension^ as follows: 
the unit of time — the second, T; the unit of length 
— the centimeter, L; the unit of mass — the gram, 
M. Concerning the latter it is to be distinguished 
from weight. The gram is equal to one cubic centi- 
meter of water under standard conditions and is 
invariable; the weight of a gram varies slightly with 
the latitude and with other conditions. 

Upon these three fundamental units are based the 
derived units, geometrical, mechanical and electrical. 
The derived units are named from the initials of 
their units of dimension, the C. G. S. units, indi- 
cating centimeter-gram-second units. 

In practical electric calculations we deal with 
certain quantities selected as of convenient size 
and as bearing an easily defined relation to the 
fundamental units. They are called practical 
units. 

The cause of a manifestation of energy is force; 
if of electromotive energy, that is to say of electric 
energy in the current form, it is called electromotive 
force, E. M. P. or simply E. or difference of poten- 
tial D. P. What this condition of excitation may 
be is a profound mystery, like gravitation and much 
else in the physical world. The practical unit of 
E. M. F. is the volt, equal to one hundred mil- 
lions (100,000,000) C. G. S. units of E. M. F. The 
last numeral is expressed more briefly as the eighth 
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power of 10 or 10^ Thus the volt is defined as 
equal to W C. G. S. units of E. M. F. 

This notation in powers of 10 is used throughout 
C. G. S. calculations. Division by a power of 10 is 
expressed by using a negative exponent, thus 10"* 
means ur ooioooo . The exponent indicates the number 
of ciphers to be placed after 1. 

When electromotive force does work a current is 
produced. The practical unit of current is the 
AMPEBE, equal to A C. G. S, unit, or 10"^ C. G. S. 
unit, T^ being expressed by 10"^ 

A current of one ampere passing for one second 
gives a quantity of electricity. It is called the 
COULOMB and is equal to 10".^ C. G. S. units. 

A coulomb of electricty if stored in a recipient 
tends to escape with a definite E. M. F. If the 
recipient is of such character that this definite E. 
M. F. is one volt, it has a capacity of one Fa!bad 
equal to T oooo\>ooo ir or 10~* C. G. S. unit. 

A current of electricity passes through some 
substances more easily tiian through others. The 
relative ease of passage is termed conductance. In 
calculations its reciprocal, which is resistance, is 
almost universally used. A current of one ampere 
is maintained by one volt through a resistance of 
one practical unit. This unit is called the Ohm and 
is equal to 10^ 0. G. S. units. 

Sometimes, where larger units are wanted, the pre- 
fix deka, ten times, heka, one hundred times, kilo, one 
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thousand times^ or mega, one million times are used^ 
as dekalitre, ten liters, kilowatt, one thousand watts, 
megohm, one million ohms. 

Sometimes, where smaller units are wanted, the 
prefixes, deci, one tenth, centi, one hundredth, milK, 
one thousandth, micro, one millionth, are used. A 
microfarad is one millionth of a farad. 

For the concrete conception of the principal units 
the following data are. submitted. 

A Danieirs battery maintains an E. M. F. of 1.07 
volt. A current which in each second deposits 
.00033 grams copper (by electro-plating) is of one 
ainpere intensity and from what has been said the 
copper deposited by that current in one second cor- 
responds to one coulomb, A column of mercury one 
millimeter square and 106.24 centimeters long has 
a resistance of one ohm at 0*^ 0. The capacity of the 
'earth is loHiioo farad. A Leyden jar with a total 
coated surface of one square meter and glass one 
mm. thick has a capacity of A microfarad. The 
last is the more generally used unit of capacity. 

These practical units are derived from the C. 6. 
S. units by substituting for the centimeter (C.) one 
thousand million (10®) centimeters and for the gram, 
the one hundred thousand millionth (10"") part of a 
gram. 



CHAPTER 11. 

OHM^S LAW. 

This law expresses the relation in an active 
electric circuit (circuit through which a current of 
electricity is forced) of current, electromotive force, 
and resistance. These three factors are always pres- 
ent in such a circuit. Its general statement is as 
follows : 

In an active electric circuit the current is equal to 
the electromotive force divided by the resistance. 

This law can be expressed in various ways as it is 
transposed. It may be given as a group of rules, to 
be referred to under the general title of ohm^s law. 

Rnle 1. The carreiif Is equal to tbe electromotive 

force divided by the resistance. c = — 

R 
Rale 2. The electromotive force Is equal to the cur- 
rent multiplied by the resistance. E = C R 

Rule 3. The resistance Is equal to the electromotive 
force divided by the current. r = — 

c 

Rule 4. The current varies directly nrlth the electro- 
motive force and Inversely ivlth the resistance. 
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Rnle 5. The resistance varies dlrectljr Mrltli tlie elec« 
tromotlTe force aud luTcrsely ivlth the current* 

Rule 6. Tlie electromotive force varies dlrectljr ivltli 
tbe current and ivltli tbe resistance* 

This law is the fundamental principle in most 
electric calculations. "If thoroughly understood it 
will apply in some shape to almost all engineering 
problems. The forms 1, 2, and 3 are applicable to 
integral or single conductor circuits; when two or 
more circuits are to be compared the 4th, 5th and 6th 
are useful. The law will be illustrated by examples. 

Sii^GLE Conductor Closed Circuits. 

These are circuits embracing a continuous con. 
ducting path with a source of electromotive force 
included in it and hence with a current continually 
circulating through them. 

Examples. 

A battery of resistance 3 ohms and B. M. F. 1.07 
volts sends a current through a line of. wire of 65 
ohms resistance ; what is the current? 

Solution : The resistance is 3 4- 55 = 58 ohms. 
By rule 1 we have for the current ^^ giving 01845 
Ampere. 

Note. — A point to be noticed here is that whatever is 
included in a circuit forms a portion of it and its resistance 
must be included therein. Hence the resistance of the 
battery has to be taken into account. The resistance of a 
battery or generator is sometimes called internal resistance 
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to distinguish it from the resistance of the outer circuit, 
called external resistance. Resistance in general is 
denoted by R, electromotive force by E, and current by 
C. 

A battery of R2 ohms; sends a current of .035 
ampere through a wire of R 48 ohms; what is the 
E. M. F. of the battery? 

Solution; The resistance is 48 + 2 = 50 ohms. By 
Eule 3 we have as the E. M. F. 50 X .035 = 1.75 
volts. 

A maximum difference of potential E. M. P. of 
30 volts is maintained in a circuit and a current of 
191 amperes is the result; what is the resistance of 
the circuit? 

Solution: By Rule 3 the resistance is equal to 
^=.157 ohms. i 

In the same circuit several generators or gal^ 
vanic couples maybe, included,, some opposing the 
others, i. B7 connected in opposition. All such can 
be conceived of as arranged, in two sets, distrib- 
uted according to the direction of current produced 
by the constituent elements, . in other words, so as 
to put together all the generators of like polarity. 
The voltages of each set are to be added together to 
get the total E. M. F. of each set. 

Rnle 7. Wliere batteries or generators are In opposi- 
tion, add togetlier tlie E. M. F of all generators of like il 
polarity, thus obtaining: tvro opposed £• M. F.s. Sub- 
tract tbe smaller £• M. F. fl*om the larger E. IKI. F. to 
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obtain tbe ciTectlTe E* in. F* Tben apply Oliin's laiw on 
tlitti basis of £• in. F« 

It will be understood that the resistances of all 
batteries or generators in series are added to give 
the internal resistance. 

Examples. 
There are four batteries in a circuit: Battery No. 
1 of 2 volts, % ohm; Battery No. 2 of 1.75 volts, 2 
ohms; Battery No. 3 of 1 volt, 1 ohm; Battery No. 
4 of 1 volt, 4 ohms constants; Batteries 1 and 4 are 
in opposition to 2 and 3. What are the effective 
battery constants? 
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Solution: Voltage = (2 + 1) — (1.75 + 1) = .25 volt. 
Eesistance = J^+2+l + 4 = 7J^ ohms, or .25 
volt, 7^ ohms constants. 

What current will such a combination produce in 
a circuit of 5 ohms resistance? 

Solution: By Ohm's law, Eule 1,. the. current =:= 
',25 -«- (7J^ + 5) = .02 amperes. 

A battery of 61 volts E. M. F. and 20 ohms resist- 



OHM'S LAW. 17 

ance has opposed to it in the same circuit a battery 
of 26 volts E. M. F. and 25 ohms resistance. A 
current of J^ ampere is maintained in the circuit. 
What is the resistance of the wire leads and con- 
nections? 

Solution: The effective B. M. P. is 51 — 26 = 25 
volts. By Rule 3 we have 25 -*- i =200 ohms, as the 
total resistance. But the resistance of the batteries 
(internal resistance) is 20 -f- 25 = 45 ohms. The re- 
sistance of leads, etc. (external resistance)^ is there- 
fore 200 — 45 = 155 ohms. 

PoETiONs OF Circuits. 

All portions of a circuit receive the same current, 
but the E. M. F., in this case termed preferably dif- 
ference of potential, or drop or fall of potential, 
and the resistance may vary to any extent in differ- 
ent sections or fractions of the circuit. Ohm^s Law 
applies to these cases also. 

Examples. 

An electric generator of unknown resistance main- 
tains a difference of potential of 10 volts between its 
terminals connected as described. The terminals 
are connected to and the circuit is closed through a 
series of three coils, one of 100 ohms, one of 50 
ohms, and one of 25 ohms resistance. The connec- 
tions between these parts are of negligibly low re- 
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sistance. What difference of potential exists be^ 
tween the two terminals of each coil respectively? 

Solution: The solution is most clearly reached by 
a statement of the proportion expressed in Rule 6^ 
viz. : The electromotive force varies directly with the 
resistance. The resistance of the three coils is 175 
ohms; calling them 1^ 2, and 3^ and their differences 
of potential E^, E^, and E«, we have the continued 
proportion, 175 : 100 : 5Q : 5J5 :: 10 volts : E^ : E^ : E». 
because by the conditions of the problem the total 
E. M. P. = 10. Solving the proportion by the regu- 
lar rule, we. find that E^ = 5.7 — E^ = 2.8 — E» = 1.4 
volts. 

The same external circuit is connected to a 
battery of 30 ohms resistance. The difference of 
potential of the 100 ohm coil is found to be 30 volts. 
What is the difference of potential between the ter- 
minals of the battery, and what is the E. M. F. of 
the battery on open circuit, known as its voltage or 
E. M. F. (one of the battery constants)? 

Solution: The total external resistance is 100 + 50 
+ 25 = 175 ohms. By Rule 6, we have 100 : 175 :: 30 
volts : X — 52 j4 volts, difference of potential between 
the terminals of the battery. The current is found 
by dividing (Rule 1), the difference of potential of 
the 100 ohm coil by its resistance. This E. M. F. is 
30. The current therefore is ^v amperes. The to- 
tal resistance of the circuit is that of the three coils 
or 175 ohm& plus that of the battery or 30 ohms, a 



OHM'S LAW, 19 

total of 205 ohms. To maintain a current of ^n 
amperes through 205 ohms (Rule 2), an E. M. F. is 
required equal to i% X 205 volts or %l% volts. 

Divided, Branched or Shuijt Circuits. 

A single conductor, from one terminal of a gener- 
ator may be divided into one or more branches 
which may reunite before reaching the other ter- 
minal. Such branches may vary widely in resist- 
ance. 

Rule 8. In divided clrcntts, eacli brancli passes a 
portion of a current iuTersely proportional to Its re- 
sistance. 

Examples. 

A portion of a. circuit consists of two conductors, 
A and B, in parallel of A = 50, and B = 75 ohms, 
respectively; what will be the ratio of the currents 
passing through the circuit, which will go through 
each conductor? 

Solution: The ratio will be current through A : 
current through B :: 75 : 50, which may be ex- 
pressed fractionally, 3V : tV. 

Where more than two resistances are in parallel, 
the fractional method is most easily applied. 

Three conductors of A = 25, B = 50, and C = 75 
ohms are in parallel. What will be the ratio of cur- 
rents passing through each one? 

Solution: Fractionally A:B:C ::^:^:7V. 
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Rale 9. To determine the amount of a slven cur- 
rent tUat ivlll pass tltrous^li pari^lel circuits of dlflTer- 
ent resli^tanceS) proceed as follours: Take tbe resist- 
ance of eacli brancb for a denominator of a ft'actlon 
Uavlug 1 for Its numerator. In otber urordsy for eaeli 
brancli^virrlte dourn the reciprocal of Its resistance* 
'Alien reduce the fractious to a common denominator, 
and add together the numerators. Taklns this sum 
of the numerators for a new common denominator, 
and the original single numerators as numerators, 
the neinr fractions ivlll express the proportional cur- 
rents as fractions of one. If the total amperage Is 
giTcn, It Is to be multiplied by the fractions to give 
the amperes passed by each branch. The solution can 
also be done In decimals. 



Examples. 

A lead of wire divides into three branches; No. 
1 has a resistance of 10,000 ohms. No. 2 of 39 ohms, 
and No. 3 of i ohm. They unite at one point. 
What proportion of a unitary current will pass each 
branch ? 

Solution: The proportion of currents passed are 
as TTshns : A : i^-ir or 3. Reducing to a common de- 
nominator, these become tMips : WrfiftSr : SVoW<?. The 
proportions of the numerators is the one sought for; 
taking the sum of the numerators as a common de- 
nominator, we have in common fractions the follow- 
ing proportions of any current passed by the three 
branches. No. 1, tMt^; No. 2, jimh; No. 3, 

TtttTiTS* 

Four parallel members of a circuit have resistances 
respectively of 25, 85, 90, and 175 ohms; express 
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decimally the ratio of a unitary current that will 
pass through them. 

Solution: The ratio is as A : A : A : tJt, or reduc 
ing to decimals (best by logarithms), .04 : .011765 : 
.011111 : .0057. Adding these together, we have 
.068576, which must be multiplied by 14.582 to pro- 
duce unity. Multiplying each decimal by 14.58 
(best by logarithms), we get the unitary ratio as 
.5832 : .17153 : .1620 : .08310, whose sum is 1.0000. 

Unless logarithms are used, it is far better to work 
by vulgar fractions. 

A current of .71 amperes passes through two 
branches of a circuit. One is a lamp with its con- 
nections of 115 ohms resistance; another is a resist- 
ance coil of 275 ohms resistance. What current 
passes through each branch ? 

Solution: The proportions of the current are Sjs 
tIt : 1^5 or reduced to a common denominator and to 
their lowest terms rfb : tHt. Proceeding as before, 
and taking the sum ^f the numerators (55 + 23 = 
78), as a common denominator, we find that the lamp 
passes H, and the resistance coil H of the whole 
current. Multiplying the whole current, .71 by H, 
we get HU amperes, or i ampere for the lamp, leaving 
.21 or a little over } ampere for the resistance coil. 

Another problem in connection with parallel 
branches of a circuit is the combined resistance of 
parallel circuits. This is not a case of summa- 
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tion, for it is evident that the more parallel paths 
there are provided for the current, the less will be 
the resistance. 

Rule 1 0. In sliQiit eircnitv, the resistance of the com- 
bined sUunts Is expressed by the reciprocal of tlie sum 
of the reciprocals of the resistances* 

Example. 

Two leads of a 50 volt circuit (leads differing in 
potential by 50 volts), are connected by a 20 ohm 
motor. A 50 ohm lamp and 1000 ohm resistance 
coil are connected in parallel or shunt circuit there- 
with, what is the combined resistance? and the total 
current? . , , 

Solution: The reciprocal of resistance is conduc- 
tance, sometimes expressed as mhos. (Eule 19.) 
The conductance of the three shunts is equal to 
A + A + xaW mhos = tUtj + tMit + TTJW = rih. 
mhos. The reciprocal of conductance is resistance. 
The combined resistance is therefore m^ ohms — 
14.09 ohms. The current is -^ or 3.5 «.mperes; 

Rate 11 • The combined resls/iance of turo parallel 
circuits Is found by multiplying the resistances to- 
gether, and dividing the product by the sum of the re- 
sistances. "Where there are several clrcnits, any turo 
can be treated thus, and the result combined In the 
same ^ivay with another circuity and so on to get the 
final resistance. 

EXAMPLB. 

Four conductors in parallel have resistances of 
100 — 50 — 27 — 19 ohms. What is their combined- 
resistance? 
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Solution: Combining the first and second, we 
have 1^^ = 33* ohms. Combining this with the 
resistance, of the third wire, we have %l^% = 14:.9 
ohms. Combining this with the resistance of the 
fourth wire, we have ^^^q = 8.3 ohms. The 
result is; of course, identical by whatever rule 
obtained. 

Rale 12. urben all tbe paraUel circuits are of nni- 
forili resistance, as in multiple arc incandescent light- 
ing, tlie resistance of tlie combined circuits is found ht 
dividing tbe resistance of one circuit by tbe number of 
eircuits. 

Examples. 

There are fifty lamps of 100 ohms resistance each 
in multiple arc connection. What is their com- 
bined resistance? 

Solution: W = 2 ohms. 

A motor can take 3 amperes of currents at 
30 volts safely without burning out or heating 
injuriously. A 110 volt incandescent circuit is at 
hand. The motor is to be connected across the 
leads so as to receive the above amperage. A shunt 
or branch of some resistance is carried around it^ 
and a resistance coil intervenes between the united 
branches and one of the main leads. The resistance 
of the coil is 20 ohms. What should the resistance 
of the shunt be? 
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Solution: The resistance of the motor (Ohm's 
Law, Rule 3), is found by dividing the E. M. P. by 
the resistance — 30 ■*- 3 = 10 ohms. By Eule 5 the 
resistance of the coil in series (20 ohms) must be to 
the combined (not added) resistance of the motor 
and shunt coil, as 110 — 30 (total voltage minus 
voltage for motor) : 30 (voltage for motor) or 20 : 
a: :: 80 : 30 . *. tc ==^ 7.5 combined resistance of parallel 
or shunt coil and motor. The reciprocal of 7.5 
(conductance, Rule 19), may be expressed as Mths of 
the combined (in this case added) conductances of 
shunt coil and motor. The conductance of the 
motor is equal to the reciprocal of 10 which may be 
expressed as A or as 7%. The conductance of the 
shunt coil must therefore be W — 7% = T% = iAr 
mho. The reciprocal of this gives the resistance of 
the shunt coil which is 30 ohms. The total current 
going through the system by Ohm's law is Tppio ~ ^ 
amperes. The resistance of the shunt coil— 30 ohms 
— is to that of the motor in parallel with it — 10 
ohms — as the current received by the motor is to 
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that received by the coil, a ratio of 30 : 10 or 3:1 
giving 3 amperes for the motor and 1 ampere for 
the coil. This is a proof of the correctness of 
operations. 

Two conductors through which a current is 
passing are in parallel circuit with each other. 
One has a resistance of 600 ohms. The other has a 
resistance of 3 ohms. A wire is carried across from 
an intermediate point of one to a corresponding 
point of the other. It is attached at such a point of 
tHe first wire that there are 400 ohms resistance be- 
fore it and 200 after it. Where must it be connected 
to the other in order that no current may pass? 

Solution: The E. M. F. up to the point of con- 
nection of the bridge or cross wire is to the total 
E. M. F. in the 600 ohm wire as 400: 600 or as 2: 3. 
The other wire which by the conditions has the 
same drop of potential in its full length must be 
divided therefore in this ratio. The bridge wire 
must therefore connect at 2 ohms from its begin- 
ning, leaving 1 ohm to follow. The principle here 
illustrated can be proved generally and is the Wheat- 
stone Bridge principle. 



CHAPTER III. 

RESISTANCE AND CONDUCTANCE. 

Resistance of Different Conductors of the 
SAME Material. 

Conductors are generally circular in section. 
Hence they vary in section with the square of their 
diameters. The rule for the resistance of conduc- 
tors is as follows: 

Rule 13. Tlie resistance of oondnctors of Identical 
material varies Inirersely as their section, or Ifof circu- 
lar section inversely as the squares of their diameters, 
and directly as their lengths. 

Example. 

1. A wire a, is 30 mils in diameter and 320 feet 
long; another 5, is 28 mils in diameter and 315 feet 
long. What are their relative resistances? 

Solution: Calling the resistances R* : R^ we would 
have the inverse proportion if they were of equal 
lengths R^ : R» :: 30^ : 28^ or as 900 : 784. Were 
they of equal diameter the direct proportion would 
hold for their lengths: R*» : R* :: 315 : 320. Com- 
bining the two by multiplication we have the com- 
pound proportion R^ : R* :: 900 X 315 : 784 X 320 or 
as 283,500 : 250,880, or as 28 : 25 nearly. The 
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combined proportions could have been originally 
expressed as a compound proportion thus: R** : B* :: 
30^ X 315 : 28^ X 320. 

For wires of equal resistance the following is 
given. 

Rule 14. Xbe lens^li of one ivire multiplied hy tike 
square of tUe diameter of tlie otber mrlre must equal tlic 
square of Its o^irn diameter multiplied by the leiistli of 
tike otlier If their resistances are equal. Or multiply the 
length of the flrsC nrlre by the square of the diameter of 
the second. This divided by the length of the second 
i¥lll give the square of the diameter of the first nrlre; 
or divided by the square of the diameter of the first nrlll 
StTC the length of the second* 

Examples. 

1. There are three wires, a is 2 mils, 5 is 3 mils, 
and c 18 4: mils in diameter; what length must b 
and c have to be equal in resistance to ten feet of a? 

Solution: Take a and c first and apply the rule, 
10 'X 4" +2'' = 40 feet; then take a and J 10 X 
3^ + 2^ = 22j4 feet. To prove it compare a and c 
directly by the sftme rule 22>^ X 4* -*- 3*^ = 40. 
As this gives the same result as the first operation, 
we may regard it as proved. 

A conductor is 75 mils in diameter and 79 feet 
long; how thick must a wire 1264 feet long be to 
equal it in resistance? 

Solution: 75^ X 1264 + 79 = 7,110,000 + 79 = 
90,000. The square root of this amount is 300 which 
is the required diameter. 
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For problems involving the comparison of wires of 
unequal resistance the rule may be thus stated: 

Rule 15. Multiply tlie square of tlie diameter of eacli 
ivlre by tlie lengtb of tlte otlier. Of tlie tivo products 
dlTlde tlie one by tlie otlier to get tlie ratio of resist- 
ance of tbe dividend to tbat of tbe divisor taken at 
unity. Tlie term Including tlie lengtb of a given ivlre 
Is tlie one expressing tbe relative resistance of such 
ivlre. 

Examples. 

A wire is 40 mils in diameter^ 3 miles long and 
40 ohms resistance. A second wire is 50 mils in 
diameter and 9 miles long. What is its resistance? 

Solution: 9 X 40* = 14,400 relative resistance of 
the first wire. 3 X 50* = 7,500 relative resistance 
of second wire. 14,400 -*- 7,500 = 1.92 — ratio of 
resistance of second wire to that of first taken at 
unity. But the latter resistance really is 40 ohms. 
Therefore the resistance of the second wire is 40 X 
1.92 = 76.80 ohms. 

The result may also be worked Out thus: 

40* X 9 = 14,400 = relative resistance of the 3 mile 
wire. 

50^ X 3 = 7500 = relative resistance of the 9 mile 
wire. 

14,400 -^ 7500 = 1.92 = ratio of 9 mile (dividend) 
to 3 mile (divisor) wire. 

.-. 40 ohms X 1.92 = 76.8 ohms. 

A length of a thousand feet of wire 95 mils in 
diameter has 1.15 ohms resistance; what is the di- 
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ameter of a wire of the same material of which the 
resistance of 1000 feet is 10.09 ohms? (R. E. Day, 
M. A.). 

Solution: 10.09 •*■ 1.15 = 8. 77 ratio of resistances. 
If we divide 1000 by 8.77 we obtain a length of the 
first wire which reduces the question to one of iden- 
tical resistances* 1000 -*• 377 = 114 feet. Then 
applying Rule 14, 114 X 952 ^ 1000 = 1037.88. 
This is the square of the diameter of the other wire. 
Its square root gives the answer: 32.2 mils. 

Specific Resistance. 

Specific resistance is the resistance of a cube of 
one centimeter diameter of the substance in ques- 
tion between opposite sides. It is expressed in 
ohms for solutions and in microhms for metals. 
From it may be determined the resistance of all 
volumes, generally prisms or cylinders, of substance. 
Very full tables of Specific Resistance are given in 
their place. 

Rule 16. Tl&e resistance of any prism or cylinder of a 
substance Is equal to Its specific resistance multiplied 
by Its leufftb In centimeters and divided by Its cross- 
sectional area In square centimeters. If the dimensions 
are grlven In Incbes or other units of measurements 
they must be reduced to centimeters by the table. 

^^ _ Sp. R X I 
• a 

Examples. 
An electro-plater has a bath of sulphate of copper, 
gp. resistance 40 ohms. His electrodes are each 1 
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foot gqaare and 1 foot apart. What is the resist- 
ance of snch a bath? 

Solution: by the table 1 sqaare foot = 929 sq. cent, 
and 1 foot = 30.4797 cent. .-. Resistance = 40 x 
30.4797 + 929 = 1.31 ohms. 

Where the electrodes in a solution are of nneyen 
size take their average size per area. The facing 
areas are usually the only ones calculated^ as owing 
to polarization the rear faces are of slight efficiency, 
and where the electrodes are nearly as wide as the 
bath or cell the active prism is practically of cross- 
sectional area equal to the area of one side of a plate. 

In a Bunsen battery the specific resistances of the 
solutions in inner and outer cells were made alike, 
each equalling 9 ohms. The central element was a 
yi inch cylinder of electric light carbon. The outer 
element was a plate of zinc 6 inches long bent into a 
circle. When there were 2 inches of solution in the 
cell what was the resistance? 

Solution : Area of carbon = J X 2 = 3.14 square 
inches. Area of zinc = 2 X 6 = 12 square inches. 
This gives an average facing area of (12 + 3.14) ■*- 
2 = 7.67 square inches = 48.38 sq. cent. The 
distance apart = % inches (nearly) = 1.9049 cent. 
.-. Resistance = 9 X 1.9049 -+- 48.38 = .355 ohms. 

For wires, the specific resistance of metals being 
given in microhms, the calculation may be made in 
microhms, or in ohms directly. As wire is cylindri- 
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cal a special calculation may be made in its case to 
reduce area of cross section to diameter. This may 
readily be taken from the table of wire factors, thus 
avoiding all calculation. 

Rale 17. The reslstanceln mlcrolnnsof a iv^lre of slireii 
diameter In centimeters Is eqaal to tbe product of the 
specific resistance bjr 1,2737 by the lengrth lu eenti" 
meters divided by the square of the diameter la cen- 
timeters. 

— 8P' Rg«« X 1.2737 X i 

R — 35 

Examples. 

The Sp. Res. of copper being taken at l.()52 mi- 
crohms what is the resistance of a meter and a half 
of copper wire 1 millimeter thick? 

Solution: The diameter of the wire (1 millimeter) 
is .1 centimeter. The square of .1 is .01. The 
length of the wire (V/i meter) is 150 centimeters. 
Its resistance therefore is 1.652 X 1.2737 X 150 -1- 
.01 = 31,561 microhms or .031,561 ohms. 

Universal Rule for REsisTAKCEg. 

Into the problem of resistances of one or two wires 
eight factors can enter, these are the lengths, sec- 
tional areas, specific resistances and absolute resist- 
ances of two wires. Their relation may be ex- 
pressed by an algebraic equation, which by transposi- 
tion may be made to fit any case. The rule is 
arithmetically expressed by adopting the method of 
cancellation, drawing a vertical line and placing on 
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the left side, factors to be multiplied together for 
a divisor, and on the right side factors to be multi- 
plied together for a dividend. In the expression of 
the rule as below the quotient is 1, in other words 
the product of all the factors on the left hand of 
the line is equal to that of all the factors on the 
right hand. Calling one wire a and the other b we 
have the following expression: 



Eesistance of b 
Specific Resistance of a 
Length of a 
Cross-sectional area of b 



Eesistance qf a 
Specific Eesistance of b 
Length of b 
Cross-sectional area of a 



Rule 18. Substitute In til eaboire expression tbe Talnes 
of anjr factors glTen. Substitute for factors not siiren 
or required the figure 1 or unltjr. Such a value doter- 
mined bjr division must be given to the required factor 
and substituted In Its place as ivlll make the product 
of the left-hand factors equal to that of the right-hand 
factors. Only one fbctor can be determined, and all 
factors not given are assumed to be respectively equal 
for both conductors. 

Examples. 

If the resistance of 500 feet of a certain wire is 
.09 ohms what is the resistance of 1050 feet of the 
same wire? 

Solution: The cross sectional areas and specific 
resistance not being given are taken as equal. (This 
of course follows from the identical wire being re- 
ferred to.) The vertical line is drawn and the 
values substituted : 
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Resista?ices : Resistance of .09 

required wire 
Lengths : 500 1050 

(Other factors omitted as unnecessary.) 
1050 X .09 + 500 = .189 ohms. 

What is the diameter of a wire 2 miles long of 
23 ohms resistance, if a mile of wire of similar ma- 
terial of seventy mils diameter has a resistance of 
10.82 ohms? 

Solution. We use for simplicity the square of the 
diametre in place of the cross sectional area of the 
known wire, thus: 



Resistances : 


23 


10.82 


Lengths : 


1 


2 


Areas : 


Unknown 


70^ 



As the specific resistances are identical they are 
not given. 

2 X 70* X 10.82 + 23 X 1 = 4610 square of diameter 
required: 4610i = 60 mils. 

What must be the length of an iron wire of cross- 
sectional area 4 square millimeters to have the same 
resistance as a wire of pure copper 1000 yards long, 
of cross-sectional area 1 square millimeter, taking 
the conductance of iron as i that of copper? (Day). 

Solution: 
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Sperifir Re>fi*tanres : 1 

Lengths : 1000 

Cross-sectional areas : 4 



T (i.e. the reciprocal of 

conductance) 
Unknown 
1 



As the resistances are identical they are not 
given. 

Solving we have 1000 X 4 -t- 7 = 571f yards. 

There are two conductors, one of 35 ohms resist- 
ance, 1728 feet long and 12 square millimetres cross- 
sectional area and specific resistance 7: the other of 
14 ohms resistance, 432 feet long and 8 square milli- 
metres cross-sectional area. What is its specific 
resistance? 



Resistances : 35 

Specific Resisiances 
Unknown 
Lengths: 432 

Cross-Sectional areas : 12 



14 

7 

1728 

8 



By cancellation this reduces tol4X8-5-5X3 = 
7.4 Specific Resistance. 

In these cases it is well to call one wire a and the 
other hj and to arrange the given factoids in two 
columns headed hy these designations. Then the 
formula can he applied with less chance of error. 
Thus for the last two problems the columns should 
be thus arranged. 
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a b 

Area, 4 sq. mil. 1 
L. Unknown 1000 yards 
Sp. Bes. .7 1 



a b 

Besist. 35 ohms 14 ohms. 
L. 1728 feet 432 feet 
Area, 12 sq. mils 8 sq mils. 
Sp. Kes. 7 required. 



Frdm such statements of known data the formula 
can be conveniently filled up. 

Kesistance of Wires Referred to Weight. 

The weight of equal lengths of wire is in propor- 
tion to their sections. The problems involving 
weight therefore can be reduced to the Rules al- 
ready given. 

Problem. A wire. A, is 334 feet long and weighs 25 
oz.; another, B, is 20 feet long and weighs 1 oz. 
what are the relative resistances? 

Solution: 20 feet of the wire " A^^ weigh ^ x 
25 = 1.50 oz. The weights of equal lengths of A 
and B respectively areas 1.50 : 1.00 which is also 
the inverse ratio of the resistances of equal lengths. 
By compound proportion Rule we have R. of *^ A^* 
: R. of *^ B '' :: 1 X 334 :: 1.50 X 20; reducing to 
16.7 : 1.5 or 11.1 : 1.0 or the wire"^^' A " has about 
eleven times the resistance of the wire " B.'^ 

Solution: By general Rule for resistance (Rule 
18). Taking 1.50 : 1.00 as the ratio of cross-sec- 
tional areas and taking the resistance of the long 
wire A as 1 we have. 
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Resistances : 1 

Lengths : 20 

Cross-sectional area ; 1.50 



Unknown 

334 

1 



Resistance of B = 1.50 X 20 •*- 334 = .0899 or 
about A as before. 

 

Conductance. 

Conductance is the reciprocal of resistance and is 
sometimes expressed in units called mhos, which 
is derived from the word ohm written backwards. 

Rule 1 9. To reduce renistance In obins to eondnetanee 
tn mlios express Its reeiproeal and tbe reverse. 

Example. 

A wire has a resistance of ^ ohms, what is its 
conductance? 

Solution: 126 + 18 = 7 mhos. 

Reduce a conductance of lif to ohms. 
Solution: IM = M mhos which gives ff ohms. 

It is evident that the data for problems or that 
constants could be given in mhos instead of ohms. 
In some ways it is to be regretted that the positive 
quality of conductance was not adopted at the out- 
set instead of the negative quality of resistance. 
One or two illustrations may be given in the form of 
examples involving conductance. 

Express Ohm's law in its three first forms in 
conductance. 
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Solution: This is done by replacing the factor 
"resistance'^ by its reciprocal. Thus, Rule 1 
reads for conductance: "The current is equal to 
the electromotive force multiplied by the conduc- 
tance''(C = EK)— Rule 2 as "The electromotive 

force is equal to the current divided by the conduc- 


tance''(E = — ^)— Rule 3 as "The conductance is 

K 

equal to the current divided by the electromotive 


force/' (K = — ) 

E 

A circuit has a resistance of .5 ohnis and an E. M. 
F. of 50 volts determine the current using conduct- 
ance method. 

Solution: The conductance = .-f = 2 mhos. The 
current = 50 X 2 = 100 amperes. 

. In a circuit a current of 20 amperes is main- 
tained through 2i ohms. Determine the E. M. F. 
using conductance. 

Solution: The conductance = 4 = JS mhos. 

E. M. F = 20 - i* = 52 volts. 

Assume a current of 30 amperes and an E. M. 

F. of 50 volts, what is the conductance and resis- 
tance? 

Solution: Conductance = 30 -*- 50 = .6 mho. 
Resistance = 1 -«- .6 = 1.667. 



CHAPTER IV. 

potential diffebence. 

Drop of Potential in Leads and Size of 
Same for Multiple Arc Connections. 

Subsidiary leads are leads taken from large sized 
mains of constant E. M. F. or from terminals 
of constant E. M. P. to supply one or more lamps, 
motors, or other appliances. A constant voltage is 
maintained in the mains or terminals. There is a 
drop of potential in the leads so that the appliances 
always have to work at a diminished E. M. F. The 
E. M. F. of the leads is known, the requisite 
E. M. F. and resistance of the appliance is known, 
a rule is required to calculate the size of the wire to 
secure the proper results. It is based on the princi- 
ple that the drop or fall in potential in portions of 
integral circuits varies with the resistance. (See 
Ohm^s law). A rule is required for a single appli- 
ance or for several connected in parallel. 

Rule 20. The resistance of tbe leads supplylns any ap- 
pliance or appliances for a desired drop In potential 
nrltliln tlie leads Is equal to tlie reciprocal of the cur- 
rent of the appliances mnltlpUed by the desired drop 
In volts. 
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Example. 

A lamp^ 100 volts X 200 ohms, is placed 100 feet 
from the mains, in which mains a constant E. M. P. 
of 110 volts is maintained. What must be the resist- 
ance of the line per foot of its length; and what 
size copper wire must be used? 

Solution: The lamp current is obtained (Ohm^s 
law) by dividing its voltage by its resistance, (iM = 
} ampere). The reciprocal of the current is f ; mul- 
tiplied by the drop (f X 10 = 20) it gives the resist- 
ance of the line as 20 ohms. As the lamp is 100 
feet from the mains there are 200 feet of the wire. 
Its resistance per foot is therefore iftfe = A ohm or 
it is No. 30 A. W. G. (about). 

For several appliances in parallel on two leads a 
similar rule may be applied. There is inevitably a 
variation in E. M. F. supplied to the different appli- 
ances unless resistances are intercalated between the 
appliances and the leads. 

Rale 21. The E. HM. F. of the main leads or terminals 
the factors of the lamps or other appliances, their num- 
ber and the distance of their point of connection are 
Klven. The combined resistance Is foandby Rules 8 to 
13. Then by Rule 20 the resistance of the leads Is cal- 
enlated* 

Example. 

A pair of house leads include 260 feet of wire, 
or 130 in each lead. Six 50 volt 100 ohm lamps are 
connected thereto at the ends. The drop is to be 5 
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ToIt8^ giving 55 Tolts in the main leads. Beqnired the 
total resistance of and size of wire for the honse leads. 
Solution: The resistance of six 100 ohm lamps in 
parallel is 100 -«- 6 = 16.66 ohms. The current re- 
quired is by Ohm's law 50 -^ 16.66 or 3 amperes. 
Its reciprocal multiplied by the drop, (i X 5 = I = 
\ys ohms) gives the required resistance = 1^ ohms. 
This, divided by 260 feet gives the resistance per 
foot as .0064 ohm, corresponding by the table to 
No. 18 A. W. G. 

A rule for the above cases is sometimes expressed 
otherwise, being based on the proportion: Besist- 
ance of appliances is to resistance of leads as 100 
minus the drop expressed as a percentage is to the 
drop expressed as a percentage. This gives the fol- 
lowing: 

Rule %%0 The restotanee of tlie leads is equal to tbe 
combined reslstanee of tbe appliances maltiplled by 
tbe percentage of drop and divided bjr 100 n^inus tbe 
percentage of drop* 

Problem. Take the data of last problem and 
solve. 

Solution: The percentage of drop is A = 9j^. The 
resistance of the leads = ^^-^ ^ ^ = ^^^-^ = 1?^ ohms 

100 — 9 91 ^ 

about. 

Note. — To o])tain accurate results the figures of percen- 
tage, etc., must be carried out to two or more decimal 
places. Ilules 20 and 21 are to be preferred to any percen- 
tage rule. Also see Rule 23. 
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Where groups of lamps are to be connected along 
a pair of leads bnt at considerable intervals^ the 
succeeding sections of leads have to be of diminish- 
ing size. The same problem arises in calculating 
the sizes of street leads. The identical rule is ap- 
plied, care being taken to express correctly the ex- 
act current going through each section of the lead. 
The calculation is begun at the outer end of the 
leads. A diagram is very convenient; it may be 
conventional as shown below. 

Examples. 

At three points on a pair of mains three groups of 
fifty 220 ohm lamps in parallel are connected; a 
total drop of 5 volts is to be divided among the 
three groups, thus: 1.6 volts — 1.6 volts — 1.8 volts. 
The initial E. M. F. is 115 volts; what must be the 
resistances of the three sections of wire? 

Solution: The following diagram gives the data 
as detailed above: 



Starting at group 3 we have 50 lamps in parallel 
each of 220 ohms resistance, giving a combined re- 
sistance (Eule 12) of 4.4 ohms and a total current 
(Ohm's law) of 110 -^ 4.4 = 25 amperes. The re- 
sistance of section 2 — 3 is by the present rule i^ X 



^ 
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1.8 = .072 ohms. Taking group 2 the current 
through this group of lamps is 111.8 -*- 4.4 = 25.41 
amperes. The section 1 — 2 has to pass also the cur- 
rent 25 amperes for group 3 giving a total current 
of 25 + 25.41 = 50.41 amperes. The resistance of 
section 1 — 2 is therefore g^jj X 1.6 = .0317 ohm. 
Taking group 1 the current for its lamps is 113.4 ■*- 
4.4 = 25.6 amperes. The total current through 
section 0—1 is therefore 25 + 25.4 +25.6 = 76.0 
amperes. The resistance of the section is ^ X 1.6 
= .021 ohms. Arranging all these data upon a 
diagram we have the full presentation of the calcu- 
lation in brief as below: 



^ 



_ _. :P**JI^^^ ^\ _ _-«'/^'*«M _ . ^,\ _ j€^ 6*2"- ^ _ ^ 
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CHAPTER V. 

CIRCULAR MILS. 

A MIL is TiAnr of an inch. The area of a circle, 
one mil in diameter, is termed a circular mil. The 
area of the cross-section of wires is often expressed in 
circular mils. Thus a wire, 3 mils in diameter, has 
an area of 9 circular mils, as shown in the cut. A 




circular nyl is .7854 square mil. Rules for the sizes 
of wires for given resistances are often based on cir- 
cular mils, and include a constant for the conduc- 
tivity of copper. By the table of specific resistances, 
the values found can be reduced to wires of iron or 
other metals. 
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A commercial copper wire, one foot long, and one 
circular mil in section, has a resistance of 10.79 
ohms at 75"^ F. This is, of course, largely an as- 
sumption, but is taken as representing a good aver- 
age. No two samples of wire are exactly alike, and 
many vary largely. From Eule 13, and from the 
above constant, we derive the following rules: 

Rale 23. Tlie resistance of a commerctal copper ivlre 
Is equal to Its lengtli divided by the cross-section In cir- 
cular mils, and multiplied by 10.79. 

Example. 

A wire is 1050 feet long, and has a cross-section 
of 8234 circular mils. What is its resistance? 
Solution: 1050 X 10.79 ^ 8234 = 1.37 ohms. 

Rule 24* The cross-section of a nrlre In circular mils 
is equal to its lengtli divided by Its resistance^ and mul- 
tiplied by 10.79. 

Example. 

A wire is 1050 feet long, and has a resistance of 
.68795 ohms. What is it§ cross-section in circular 
mils? 

Solution: 1050 X 10.79 ^ .68795 = 16,468 circu- 
lar mils. 

Rule 25. Tlte cross^sectlon of the nrlres of a pair of 
leads In circular mils for a given drop expressed in per- 
centage \n equal to tbe product of the lengtb of leads by 
the number of lamps (In parallel), by 21.58, by the dif- 
ference betiireen 100 and the drop, the Mrhole divided 
by the resistance of a single lamp multiplied by the 
drop. 
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Example. 

Fifty lamps are to be placed at the end of a double 
lead 150 feet long (= 300 feet of wire). The resist- 
ance of a lamp is 220 ohms. What size must the 
wire be for 5^ drop? 

Solution: 150 X 50 X 21.58 X (100 — 5) -*- (220 X 
5) = 13,977.9 circular mils. 

In these calculations and in the calculations given 
on page 48 it is important to bear in mind that the 
percentage is based upon the difference of potential 
at the beginning of the leads or portion thereof 
under consideration; in other words upon the high- 
est difference of potential within the system or the 
portion of the system treated in the calculation. 



CHAPTER VI. 

special systems. 

Theeb Wieb System. 

As there are three wires in the three wire system, 
where there are two in the ordinary system, and as 
each of the three wires is one quarter the size of 
each of the two ordinary system wires, the copper 
used in the three wire system is three-eighths of 
that used in the ordinary system. 

In the three wire system the lamps are arranged 
in sets of two in series. Hence but one-half the 
current is required. The outer wires, it will be no- 
ticed, have double the potential of the lamps. 
Hence to carry one-half the current with double the 
E. M. F., a wire of one quarter the size used in the 
ordinary system suffices. 

Rale 26. Tbe calcalattons for plain multiple are 
urork apply to the three ^rlre system, as reKA>*dsslze of 
each of the three leads, If diTlded by 4. 

While the central or neutral wire will have noth- 
ing to do when an even number of lamps are burning 
on each side, and may never be worked to its full 
capacity, there is always a chance of its having to 
carry a full current to supply half the lamps (all on 
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one side). Hence it is made equal in size to the 
others. 

Alternating Current System. 

The rules already given apply in practice to this 
system also, although theoretically Ohm^s law 
and those deduced from it are not correct for this 
current. A calculation has to be made to allow for 
the conversion from primary to secondary current 
in the converter as below. 

Note, — The ratio of primary E. M. F. to secondary is ex- 
pressed by dividing the primary by the secondary, and is 
termed ratio of conversion. Thus in a 1000 volt system with 
60 volt lamps in parallel the ratio of conversion is 1000 -i- 50 
= 20. 

Rule 27. The current In tbe primary Is equal to llie 
current In tbe secondary divided by tbe ratio of conver- 
sion. 

Examples. 

On an alternating current circuit whose ratio of 
conversion = 20, there are 1000 lamps, each 50 volt; 
50 ohms. When all are lighted what is the primary 
current? 

Solution: By Ohm^s law the secondary current is 
equal to ^¥^ (each lamp using M = 1 ampere Ohm^s 
law) = 1000 amperes. 1000 -^ 20 = 50 amperes is 
the primary current. 

The current being thus determined the ordinary 
rules all apply exactly as given for direct current 
work. 
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Given 650 lamps, 50 volt, 50 ampere each, 3600 
feet from the station. The primary circuit pressure 
is 1031 volts. A drop of 3% is to be allowed for in 
the primary leads. What is the resistance of the 
primary wire? 

Solution: Current of a single lamp = 50 ■*- 50 = 1 
ampere; current of 650 lamps = 650 amperes, cur- 
rent of primary 650 -«- 20 = 32i amperes, drop of 
primary = 1031 X 3^ = 30.9 volts, resistance of pri- 
mary (Rule 20) 1 X 30.9 = .9516 ohm. 

Rule 28. For obtaining; tbe size of tbe primary ^vlro 
In circular mlls^ calculate by Rule 25, and dlirlde tbe 
result by tbe square of tbe ratio of eouTerslon. 

Example. 

Take data of last problem and solve. 
Solution: [3600 X 650 X 21.58 X (100—3) -«- (50 X 
3)] + 20^ = 81,637 circular mils. 

The two last examples may be made to prove each 
other, thup: 

The total length of leads is 3600 X 2 == 7200 feet. 
If of 1 mil thickness its resistance would be 7200 X 
10.79 = 77,688 ohms. As resistance varies inversely 
as the cross sectional area we have the proportion 

.9516 : 77,688 :: 1 : x which gives x = 81,639 cir- 
cular mils corresponding within limits to the result 
obtained by Rule 28. 

In all cases of this sort where percentage is ex- 
pressed the statement in the last paragraph on pag^ 
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45 should be kept in mind. The ratio of conversion 
must be based on the E. M. F. at the coil (in this 
case on 1031 — 31 = 1000 volts) not on the E. M. F. 
at the beginning of the leads or portion thereof con- 
sidered in the calculation. The percentage of drop 
must be subtracted before the ratio of conversion is 
calculated. 

For winding the converters,, the following is the 
rule : 

Rule 29. Tbe conTolntlons of the primary are equal 
In number to tbe prodnet of tbe convolutions of tbe sec- 
ondary mnltlplted by tbe ratio of conTersion, and Tlce 



Examples. 

The ratio of conversion of a coil is 20; there are 
1000 convolutions of the secondary. How many 
should there be of the primary? 

Solution: 1000 X 20 = 20,000 convolutions. 

There are in a coil 6000 convolutions of the pri- 
mary; its ratio of conversion is 50. How many con- 
volutions should the secondary have? 

Solution: 5000 -s- 50 = 100 convolutions. 



CHAPTER VII. 
work and enebqt. 

Ekbegy and Heating Effect of the Cuerekt. 

It has been shown experimentally by Joule that 
the total quantity of heat developed in a circuit is 
equal to tlie square of the current multiplied by the 
resistance. This is equal, by Ohm^s law, to the 
square of the E. M. F. divided by the resistance, 
which again reduces to the E. M. F. multiplied by 
the current. Each of these expressions has its own 
application, and they may be given as three rules. 

Rale 30. Tlie energcjr or beat developed In ctrenlts Is 
in proportion to tbe square of tlie current multiplied by 
tbe resistance. 

Examples. 

An electric lamp has a resistance of 50 ohms; it is 
connected to a street main by leads of 2i ohms re- 
sistance. What proportion of heat is wasted in the 
house circuit? 

Solution: The current being the same for all parts 
of the circuit, the heat developed is in proportion to 
the resistance, or as 21 : 50 equal to 1 : 20. The 
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heat developed in the wire is wasted, therefore the 
waste is ^ of the total heat developed. 

The internal resistance of a battery is equal to 
that of 3 meters of a particular wire. Compare the 
quantities of heat produced both inside and outside 
the battery when its poles are connected with one 
meter of this wire with the quantities produced in 
the same time when they are connected by 37 meters 
of the same wire. (Day.) 

Solution: The rejative currents produced in the 
two cases are found (Ohm^s law) by dividing the 
E. M. P. of the battery (a constant quantity = E) 
by the relative resistance. As the battery counts 
for the resistance of 3 meters of wire, the relative 
resistances are as 4 : 40. Were the same current de- 
veloped in both cases these figures would give the 
desired ratio. But as the current varies it has to be 
taken into account. To determine the relative bat- 
tery heat only, we may neglect resistance of the bat- 
tery, as it is a constant for both cases, the battery 
remaining identical. By Ohm^s law the currents 
are in the ratio of f : ^ and their squares are in pro- 
portion to f^ : j^ = 100 : 1. By the rule this is 
the proportion of the heats developed in the battery 
alone, with the short wire 100, with the long wire 
1. For the heating effects on the outside circuit, 
as resistance and current both vary, the full for- 
mula of the rule must be applied. The ratio of the 
heat in the short wire connection to that in the long 
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wire connection is as (1)' X 1 : (^)« X 37 = 100 X 1 : 
37 X 1. The ratio therefore is as 100 is to 37 for 
the total heat produced in the circuit which includes 
battery and connections. 

Owing to irregular working of a dynamo, an in- 
candescent lamp receives aoraetimes the full amount 
or 1 ampere of current; at other times as little as H 
ampere. What proportion of heat is developed in it 
in both cases, assuming its resistance to remain 
sensibly the same? 

Solution: By the rule the ratio is (i) : (H) or i: 
lAfifir = 2025 : 400. The diminution of current there- 
fore cuts down the heat to i the proper amount. 

Rale 31. Tbe energy or heat developed In a clrcalt Is 

In proportion to the square of the electromotlTe force 

divided by the resistance. U* 

H = - 
B 

Examples. 

There are two Grove batteries, each developing 
1.98 volts E. M. F. One has an internal resistance 
of A ohm; the other of I ohm. They are placed in 
succession on a circuit of 2 ohms resistance. What 
is the ratio of heats developed in the batteries in 
each case? 

Solution: As the E. M. F. is constant it may be 
taken as unity. Then for the two cases we have 
27,; • 2i ~ ^^ • 2A as the ratio of heat produced. 

A battery of one ohm resistance and two volts H 
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M. F. is put in circuit with 4 ohms resistance. 
Another battery of 4 ohms and 1 volt is connected 
through 1 ohm resistance. What ratio of heat is 
doreloped in each case? 
Solution: ^^ : if- or 4 : 1. 

Rule 33. Tlie energy or beat deTeloped In a clrcnlt !• 
In proportion to tlie B. M. F. multiplied by tbe current. 

H = EC 

EXAMPLBS. 

Take data of last problem and solve. 

Solution: For first battery, by Ohm's law, current = 
i ampere; for the second, current = i ampere. The 
heat developed, is by the present rule, in the propor- 
tion a84X2:iXlor4:l. 

Compare the heat developed in a 100 volt 200 ohm 
lamp and in a 35 volt 35 ohm lamp and in a 50 volt 
50 ohm lamp. 

Solution: The currents (Ohm's law) are: \%% Jl and 
U in amperes = i, 1, and 1 amperes. The heats devel- 
oped are, by the rule, in the ratio 100 X J : 35 X 1 
and 50 X 1 or 50: 35 :50. 

The same problem can be done directly by Eule 
31, thus: The three lamps develop heut in the 
ratio m' : tt* : «*' = 50 : 35 : 50. This is the direct 
and preferable method of calculation. 

Note.— For " heat," " rate of energy," or " rate of work " 
can be read in these rules. 
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The Joule or Gbam-Calorie. 

Tlie last rules and problems only touch upon the 
relative proportions of heat; they do not give a^ 
actual quantity. If we can express in units of the 
same class a standard quantity of heat, then by deter- 
mining the relation of the standard to any other 
quantity, we arrive at a real quantity. Such a'stan- 
dard is the joule, sometimes called the "calorie*^ or 
^^ gram-calorie.^^ A joule is the quantity of heat 
required to raise the temperature of 1 gram of 
water 1 degree centigrade. It is often expressed 
as a water-gram-degree 0. or w. g. d. 0. or for 
shortness g. d. C, from the initials of the factors. 
It is unfortunate thai it is called the calorie 
as the name is common to the water-kilogram- 
degree C. or kg.d. 0. The joule is equal to 4.16 
X 10^ or 41,600,000 ergs. 

It will be remembered that practical electric units 
are based on multiples of the 0. G. S. units of which 
the erg is one. The joule comes in the C. G. S. 
order. Therefore to determine quantities of heat 
the following- is a general rule when the practical 
electric units are used. 

Rule 33. Obtain tbe expression of rate of lieat deTel- 
oped, or of rate of energy, or of rate of ^iv^ork tn volt 
amperes. Reduce to C. G. S« units (ergs) by multiply- 
Ins by 10^ and divide by tlie value of a Joule In ergs 
(4.16 X 10^). Tbe quotient Is joules or urater-gram de- 
grees C. per second. 

^ _ E X C X 10^ 

^" 4.16 X 10' 
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Example. 

A current of 20 amperes is flowing through a wire. 
What heat is developed in a section of the wire 
whose ends diifer in potential by 110 volts? 

Solution: The rate of energy in watts or volt- 
amperes = 110 X 20 = 2200. In the C. G. S. units 
this is expressed by (110 X 10^) X (20 X lO'^) = 2200 
X 10^ ergs, per second; .*. quantity of heat = 2200 X 
10^ -*- 4.16 X 10"' = 528.8 joules or gram-degrees- 
centigrade per second. 

As 10^ H- 10^ = 1 the rule can be more simply 
stated thus: 

Rule 34* The quantity of lieat produced per second 
In a circuit by a current is equal to tlie product of the 

i¥atts by — 7T or by •24. 

4.10 . 

Q = 0.24 CE. or 0.24^" 

Examples. 

A difference of potential of 5.5 volts is main- 
tained at the terminals of a wire of A ohm resist- 
ance. How many joules per second are developed? 

Solution: By Ohm's law, current = 5.5 ■*■ A = 55 
amperes. By the rule 55 X 5.5 X 0.24 = 72.6 
joules per second. 

Note. — The energy of a current is given by Rules 30, 31 
and 32 in watts, so that all cases are provided for by a com« 
bination of one or the other of these rules with Rule 34, 
An e^^ample will be given for each case. 
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A current of .8 ampere is sent through 50 lamps 
in series^ each of 137>^ ohms resistance. What 
heat does it develop per second? 

Answer: The resistance = 137 Ji X 50. By rules 
30 and 34 we have, rate of heat produced = .8^ X 
137j^ X 50 = 4400 watts. 4400 X 0.24 = 1056 
joules per second. 

Eules 31 and 34. Fifty incandescent lamps, 110 
volt, 137>^ ohms, each are placed in paralleL 
What heat per second do they develop? 

Solution: By Ohm's law total resistance = 137 j^ 
■t- 50 = 2.75 ohms. By rules 31 and 34 rate of heat 
produced = 110^ + 2.75 = 4400 watts and 4400 X 
0.24 = 1056 joules per second as before. 

Eules 32 and 34. Through 50 incandescent 110 
volt lamps a current of .8 ampere is passed, the 
lamps being in series. What heat per second do 
they develop? 

Solution: By rules 32 and 34 rate of heat = 110 X 
50 X .8 = 4400 watts and 1056 joules per second as 
before. 

These three examples are purposely made to refer 
to the same set of lamps, to show that rules 30, 31, 
and 32 are identical. Each fits one of the three 
forms of statement of data. They also are designed 
to bring out the fact that the unit ''watts,'' being, 
based partly on amperes, includes the idea of rate, 
not of absolute quantity. Hence watts ''per sec- 
ond ^' is not stated, as it would be meaningless or 
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redundant, while the joule, denoting an absolute 
quantity, has to be stated ^'per second ^^ to indicate 
the rate. There is such a unit as an " ampere- 
second,'^ viz., the *' coulomb, '^ but there is no such 
thing as an ^^ ampere per second, '* or if used it 
means the same as an " ampere per hour,^' "ampere 
per day ^^ or ** ampere." The same applies to watts 
and to power units such as "horse-power." 

Specific Heat. 

The specific heat of a substance is the ratio of its 
capacity for heat to that of an equal quantity of 
water. It almost invariably is referred to equal 
weights. Here it will be treated only in that con- 
nection. 

The coefficient of specific heat of any substance is 
the factor by which-the specific heat of water (= 1 or 
unity) being multiplied the specific heat of the sub- 
stance is produced. 

Rule 35. Tlie 'vretslit of any substance corresponding 
to any n amber of Joules multiplied by its specific beat 
Slves tbe corresponding ureigbt of water ^ and vice versa. 

Example. 

A current of .75 amperes is sent for 5 minutes 
through a column of mercury whose resistance was 
0.47 ohm. The quantity of mercury was 20.25 
grams, and its specific heat 0.0332. Find the rise 
of temperature, assuming that no heat escapes by 
radiation, (Day,) 
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Solution: By Rules 30 and 34, we find rate of heat 
= .75* X .47 = .264375 watts; .264375 X .24 = 
.06345 joules per second. The current is to last for 
300 seconds .'. total joules = .06345 X 300 = 19.035 
joules. This must be divided by the specific heat 
of mercury to get the corresponding weight of mer- 
cury; 19.035 -«- .0332 = 573 gram degrees of mercury. 
Dividing this by the weight of mercury, 20.25 grams, 
we have 573 -^ 20.25 = 28° 0. 

Rale 36. Bjr radiation and conTeGtlon» ^i^ Joule 
about is lost by any nnpollsbed substance In tbe air for 
eacb square centimeter of surfiice, and for eacb degree 
tbat It Is lieated aboTe tbe atmospl&ere. 

Example. 

A conductor of resistance, 8 ohms, has a current 
of 10 amperes passing through it. It is 1 centi- 
meter in circumference, and 100 meters long. How 
hot will it get in the air? 

Solution: By Eule 30, etc., the heat developed per 
second in joules is 10^ X 8 -«- 4.16 — 192.3 joules. The 
surface of the conductor in centimeters is 10,000 X 
1 = 10,000 sq. cent. It therefore develops heat at 
the rate of 192.3 X 10"* = .01923 joules per second 
per square centimeter of surface. When the loss by 
radiation and convection is equal to this, it will re- 
main constant in temperature. Therefore .01923 
•*- 4TiW = 76.92, the number of degrees C. above the 
air to which the conductor could be heated by such 
a current. 
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Eesults of this character are only approximate, 
as the ooefficieut, ?oVff, is not at all accurate. 

Role 37. Tlie cube of tUe diameter In centimeters of 
a nvlre of any given material tbat mrlll attain a glireu 
temperature centigrade under a glTcn current is equal 
to tine product of tlie square of tlie current in amperes x 
Sp. Uesistauce In microhms of tlie substance of tbe 
wire, multiplied by .000391, and divided by tbe tem- 
perature in degrees centigrade. 

, s _ 0« X Sp. Bes. X .000391 

Examples. 

A lead safety catch is to be made for a current of 
7.2 amperes. Its melting point is 335° C, and its 
specific resistance 19.85 microhms per cubic centi- 
meter. What should its diameter be? (Day.) 

Solution; By the rule, the cube of the diameter = 
7.2^ X 19.85 X .00039 - 335 = .001198. The cube 
root of this gives the diameter in centimeters. It is 
.10582 or .106 CO. 

A copper wire is to act as safety catch for 500 am- 
peres: melting point 1050° C— Sp. Eesistance 1,652 
microhms. What should its diameter be? (Day.) 

^ , . ^ ^ . T i. 500^ X 1.6 52 X .000891 __ 

Solution: Cube of diameter = jq^ 

mAi» - ^1523. The cube root of this is .5341 centi- 

1060 

meter, the thickness of the wire sought for. 

It will be observed that in this rule no attention 
is paid to the length of the wire, as the effect of a 
current in melting a wire has no reference to its 
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length. The time of fusion will vary with the spe- 
cific heat, but will, of course, be only momentary. 

Work of a Current. 

Rule 38. Tbe vFork of a current In a given circuit Is 
proportional to tlie Tolt amperes. 

Example. 

A current A of 3.5 amperes with difference of 
potential in the circuit of 20 volts is to be com- 
pared to B, a 3 ampere current with a difference of 
potential of 1000 volts in the circuit; what is the 
ratio of work produced in a unit of time? 

Solution: Work of A : work of B :: 3.5 X 20: 
3 X 1000 or as 70 : 3000 or as 1 : 428 A. 

Rule 39. Tbe worU. of a current In a gtwen circuit Is 
equal to tlie volt -coulombs divided by the acceleration 
of sraTltation (9.81 meters). Tbls gives tbe result in 
kilosram-meters. (7.23 foot pounds.) .pp- E. C.t 

^~ 9.81 

Example. 

A current of 20 amperes is maintained in ^ circuit 
by an E. M. F. of 20 volts. What work does it do 
in one minute and a half (90 sec.)? 

Solution: Work = 20 X 20 X 90 sec -*- 9.81 = 36.70 
kgmts. and 36.70 X 7.23 = 26,534 foot pounds. 

Note. — This is easily reduced to horse-power. 26,534 foot 
pounds in 90 sec. = 17,688 foot pounds in 1 min. 1 H. P. 
-— :«,000 foot pounds per min. .*. JJ§§f = .536 IT. P. of 
above current and circuit. The same result can be ob- 
tained by Rule 41 thus: ?^ = .536 H. P. 
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Rule 40. To determine ivork done by a current in a 
given circuit apply Rules 3O9 31 or 3:;^ as tbe case re- 
quires, Tliese giire directly the uratts. multiply by sec- 
onds and diTide by 9.8 !• Tbe result is l£ilosrani-me- 
ters* 

Examples. 

^ 10 amperes are maintained for 55 sec. through 15 
ohms. What is the work done? 

Solution: By Rule 32 watts = 10 X 15 = 1500. 
Work = 1500 X 55 -*- 9.81 = 8409 kgmts. 

1000 volts are maintained between terminals of a 
lead of 20 ohms resistance. Calculate the work 
done per hour. 

Solution: By Rule 32 watts = 1000^ + 20 = 50,000. 
One hour = 3600 sec. Work = 50,000 X 3600 + 9.81 
= 18,348,623 kgmts. 

These rules give the basis for determining the ex- 
pense of maintaining a current. The expense of 
maintaining a horse-power or other unit of power or 
work being known the cost of electric power is at 
once calculable. 

Electrical Horse-Power. 

Power is the rate of doing work or of expending 
energy. In an electric circuit one horse-power is 
equal to such a product of the current in amperes, 
by the E. M. F. in volts as will be equal to 746. 

Rule 41. Tbe electric borse ponrer Is fonnd by mnlti" 
plyins the total amperes of current by the volts or E. m., 
F. of a circuit or given part of one and dividing by 746. 
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Example: 

250 incandescent lamps are in parallel or on mul- 
tiple arc circuit. Each one is rated at 110 volts 
and 220 ohms. What electric H. P. is expended on 
their lighting? 

Solution: The resistance of all the lamps in par^ 
allel is equal to iU ohm. The current is equal to 
110 + M = 125 amperes. H. P. = 125 X 110 - 746 
= 18A H. P. or 13A lamps to the electrical H. P. 

As it is a matter of indifference as regards ahsorp- 
tion of energy how the lamps are arranged, a simpler 
rule is the following, where horse-power required for 
a number of lamps or other identical appliances is 
required. 

R nle 42. Multiply togetber tlie voltage and amperage 
of a single lamp or appliance ; multiply tlie product by 
tbe number of lamps or appliances and dlTide by 746* 

Example. 

Take data of last problem and solve it. 

Solution: Current of a single lamp = iii = }4 am- 
pere. H. P. = 110 X i^ X 250 -^- 746 = 18A H. P. 

When the voltage and amperage are not given 
directly, the missing one can always be calculated 
by Ohm's law and the above rules can then be ap- 
plied. The same can be done by applying following: 

Rule 43. To determine the electrical borse-ponrer 
apply Rules 30, 3 1, or 32; tbese give directly the iivatts; 
multiplying tbe result by j^^ or dividing by 746 gives 
the horse-poiver« 
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Examples. 

A current of 10 amperes is maintained through 50 
ohms resistance. What is the electrical horse- 
power? 

Solution: By rules 30 and 43 we have watts = 
10* X 50 = 5000 and electrical horse-power = 5000 
-*- 746 or 6.70 H. P. 

An electromotive force of 1500 volts is maintained 
in a circuit of 200 ohms resistance. What is the 
electrical horse-power? 

Solution: By Kules 31 and 43 we have watts = 
1500* H- 200 = 11,250. Electrical horse-power = 
11,250 - 746 or 15 H. P. (nearly). 

Thus the volt-amperes or watts are units of rate 
of heat energy or of rate of mechanical energy. 
The ratio of joules per second to a horse-power is 
746: 4.16 or 179.3 joules per second = 1 H. P. 
Other ratios of power and heat units will be found 
in the tables. 

Duty and Efficibncy of Electric Genehatobs. 

Rale 44. The daty of an electric generator 1m tbe quo- 
tient obtained hj dividing the total electric energy by 
the mechanical energy expended In turning the arma- 
ture. 



jj_ e. H. P. (total) 
m. H. F. 



Examples. 



A dynamo is driven by the expenditure of 68 
H. P. Its internal resistance is 10.7 ohm. The 
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resistance of the outer circuit is 150 ohms and it 
maintains a current of 16 amperes. What is its 
duty? 

Solution: The total electrical H. P. is found by 
Rules 30 and 43 to be 16^ X 160.7 -*■ 746 = 55.1 
H. P. Duty = 65.1 + 58.0 = 95^. 

The result must always be less than unity; if it 
exceeded unity it would prove that there had been 
an error in some of the determinations. 

Rule 45. Tlie commercial efficiency of a generator Is 
the quotient obtained by dividing: tbe electric energy In 
tlie outer circuit by the mechanical energy expended In 
turning the armature. 

C Eff - Q* ^* ^* (outer circuit) 
~ m. H. P. 

Examples. 

What is the commercial efficiency of the dynamo 
just cited? 

Solution: The electrical H. P. of the outer circuit 
is found by the same rules to be 16* X 150 -*-746 = 
51.5 commercial efficiency = 51.5 •*- 58.0 = 88.85^. 

Rule 46. The resistance of the outer circuit Is to the 
total resistance, as the commercial efficiency Is to the 
duty. 

Examples. 

Take the case of the generator last given and 
from its duty calculate the commercial efficiency. 
Solution: 150 : 160.7 ::x: 95.0.'. x = 88.8 or 
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Six cells in parallel. 




Six cells in seriea 




Six cells— two in parallel, three in series. 




Six cells— three in parallel, two in series. 



Abbangemekt of Batteby Cells. 



CHAPTER VIII. 
batteries. 

General Calculations op Current. 

A BATTERY is rated by the resistance and electro- 
motive force of a single cell, which factors are 
termed the cell constants. In the case of storage 
batteries, whose susceptibility to polarization is very 
slight, the resistance is often assamed to be neglible. 
It is not so, and in practice is always knowingly or 
otherwise allowed for. 

From the cell constants its energy-constant may 

be calculated by Rule 31, as equal to the square of 

its electro-motive force divided by its resistance. 

, This expresses its energy in watts through a circuit 

of no resistance. 

There are two resistances ordinarily to be consid- 
ered, the resistance of the battery which is desig- 
nated by R or by w R if the number of cells is to be 
implied and the resistance of the external circuit 
which is designated by r. 

Rule 47. Tlie current giiren by a battery Is eqnal to 
Its elect ro-motlTe force divided by the sum of the exter- 
nal and Internal reslfctances. 
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Example. 

A battery of 50 cells arranged to give 75 volts 
E. M. P. with an internal resistance of 100 ohms 
sends a current through a conductor of 122 ohms 
resistance. What is the strength of the current? 

Solution: Current = 75 -*- (100 + 122) = .338 
ampere. This rule has already been alluded to 
under Ohm's law (page 14). 

Arrangement of Cells in Battery. 

In practise the cells of a battery are arranged in 
one of three ways, a; All maybe in series; J; all 
may be in parallel; c: some may be in series and some 
in parallel, so as to represent a rectangle, s cells in 
series by p cells in parallel, the total number of cells 
being equal to the product of 5 and p. 

Other arrangements are possible. Thus the cells 
may represent a triangle, beginning with one cell, 
followed by two in parallel and theBe- by three in 
parallel and so on. This and similar types.of arrange- 
ment are very unusual and little or nothing is to be 
gained by them. 

Role 48* Tbe eJectromotlTe force of a battftrjr Is 
equal to the E. M. F. of a single cell maltlplted by tlie 
number of cells In series. 

Rifle 49. Tbe resistance of a battery Is eqmit to the 
number of Its cells In series, multiplied by the resist- 
ance of a single cell and divided by the number of lift 

cells in parallel. 

x» battery s B 

XL. = • ^ 

P 
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A battery of 50 gravity cells 1 toU, 3 ohms each 
is Arranged 10 in parallel and 5 in Beries. What is 
its resistance and electromotiye force? 

Solution: Besistance = 5 X 3 -s- 10 = 1.5 ohms. 
E. M. F. = 5 X 1 = 5 volts. 

The same battery is arranged all in parallel; what 
is its resistance and E. M. F. ? 
Solution: This gives one cell in series. 

Besistance = 1 X 3 •<- 50 = .06 ohms. 

E. M. F. =1X1 = 1 volt. 

The same battery is arranged all in series; what is 
its resistance? 
Solution: This gives one cell in parallel. 
Besistance = ^^^ = 150 ohms. 

E. M. F. = 50 X 1 = 50 volts. 

The current given by a battery is obtained from 
these rules and from Ohm's law. 

Example. 

150 cells of a battery (cell constants 1.9 volts, 
i ohm) are arranged 10 in series and 15 in parallel. 
They are connected to a circuit of 1.7 ohms resist- 
ance. What is the current? 

Solution: The resistance of the battery = ^^^ = 
.333 ohms. The E. M. F. = 10 X 1.9 = 19 volts. 
Current = 19 + (.333 + 1.7) = 9.34 amperes. 
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Cells Eequired for a Given Current. 

To calculate the cells required to produce a given 
current through a given resistance and the arrange- 
ment of the cells proceed as follows. 

Rule 50. Calculate the cell current througli zero exter- 
nal resistance. Case A. If It Is tivlce as great or more 
than twice as great as the current required apply Rule 
51 • Case R* If* less than tnrlce as great and more than 
equal or less than equal and more than one half as 
great as the current required and so on apply Rule 
^ i2. Case C. If the cell current Is equal to or Is a unit" 
ary fraction (^ i i, etc.) of the current required apply 
Rule 53. 

Rule 51. Case A. DlTlde the required difference of po« 
tentlal of the outer circuit by the iroltage of a single cell 
diminished by the product of the required current mul- 
tiplied by tlie resistance of a single cell. Arrange the 
cells In series. 

^ B-OB 

Examples. 

Five lamps in parallel, each of 100 volts 200 ohms, 
are to be supplied by a battery whose cell constants 
are 2 volts i ohm. How many cells and what 
arrangement are required? 

Solution: Cell current = |= 10 amperes. The 

resistance of the five lamps in parallel (Rule 12) = 

2|o _. 40 Qiimg^ The required current therefore = 

W = 2i amperes. As 10 exceeds 2i X 2 (Rule 50) it 

Jails under case A. By Rule 51 the num|jer of cells 

^s 2-(^xi) ^ ~f ^ ^^-^ ^^ ^'^ ^^^^^' ^^ ^ ^^^^ cannot 
be divided. The cells must be in series. 
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Proof: The E. M. F. of the 67 cells in series 
= 67 X 2 = 134 volts; their resistance = 67 X j = 
13.4 ohms. The resistance of the lamps in par- 
allel is 40 ohms. Hence by Ohm's law the cur- 

134 

^^^^ ~ 40 4-184 ~ ^'^^ amperes, the current required. 

The same lamps are placed in series. Calculate 
the cells of the same battery required. Cell current 
= 10 amperes. Current required = ^^^ or \ am- 
pere. As 10 exceeds i X 2 (Rule 50) it falls .again 

under case A. By Eule 51 cells required = ^ _^^ , . 
«= 263. 

Proof: Current == gg g^iooo ~ ^ ampere the current 
required. 526 is the number of cells multiplied by 
the voltage of one cell; 52.6 is the number of cells 
multiplied by the resistance in ohms of a single cell; 
1000 is the resistance of a single lamp, 200 ohms, 
multiplied by the number, 5, of lamps in series. 

Whenever the arrangement and number of cells of 
a battery has been calculated the calculation should 
be proved as above. 

Rnle 52. Case B. Group two or more cells In parallel 
so as to obtain by calculation from 1 liom tli rough no ex- 
ternal resistance a current twice as ^srca* or more than 
ti«rlce as great as tbe required current. Tlien treating 
tbe group as If It was a single cell apply Rule 51 to de- 
termine tbe number of groups In series. 

. Example. 
Assume the same lamps in parallel, requiring the 
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current already calculated of 2i amperes. Assume 
a battery of constants 1 volt .25 ampere, giving a 
cell current of 4 amperes. Tliis is less tiian 2i X 2 
and more than 2i X 1; therefore it falls under Case 

B. 

Solution: A group of two cells in parallel gives 
xk = 8 amperes. 8 exceeds 21X2.'. applying Rule 
49 we have number of groups = 100 -^ [1 — (2j X 
.125)] = 146 groups in series. Total number of cells 
= 2 in parallel, 146 in series = 292 cells. 

Proof: Current = 146 -i- (40 + 18.25) =2.5 am- 
peres. 

Rule 53. Case C. Place as many cells tn series as will 
fflve tiirlce the required voltage. Place as many cells In 
parallel as nrlll give a resistance equal to tliat of tlie 
external circuit* 

EXAMPLB. 

Assume the same lamps in parallel. Assume a 
battery of cell constants, 1 volt, 4 ohms. The lamp 
current is 2i amperes. The cell current is J ampere. 
The cell current therefore equals (i -*- 2i) t^ of the 
required current. This falls under Case C. and is 
solved by Rule 53. 

Solution: Voltage required 100. By the rule 
cells in series = 100 X 2 = 200. These have a re- 
sistance of 800 ohms. To reduce this to the resist- 
ance of the outer circuit, viz., 40 ohms, 800 -^ 40 
= 20 cells must be placed in parallel. Total cells = 
20 X 200 = 4000 cells. 
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Proof: Current = 200 ^ (40 + 40j = 2.5. 



IliU«M« All CMM CMitf Bff aaAer C«M C. Ma J ke 

^r Mrltrea l4»r tli« (•tal ■UMker or cells fcj Avitf ■£ tfc« 
€mUtrmm,lemer%f bjr tke cell esexsy asd aaHlltpljiBs kj 4* 
YiU* fg%^tm (lie maai^r or cells. 

EXAMPUB. 

Take fl« cell constantg .75 volt 11 ohm giving i am- 
pere, A««ume 20 lamps, each 50 volts, 50 ohms and 
1 ampere. As i + l is a unitary fraction (i) Case 
C, applies. 

Holu tion : Cell energy = i X .75 = .375 watts. Ex- 
ternal energy = 50 x 1 X 20 = 1000 watts. (1000 + 
.rib) X 4 =- 10,666 cells. 

Holu tion by Rule 53: Voltage required taking 
lamps in series — 20 x 50 = 1000. To give twice 
ililH voltage requires 2000-*- .75 = 2667 cells in 
sories whose resistance is 2667 X 1.5 = 4000 ohms. 
1^0 reduce this to 1000 ohms we need 4 such series 
of colls in parallel giving 10,668 cells. 

• Proof: Current = ^.^f^^^'!^^^ = 1 ampere. 

Slight discrepancies will be noticed in the current 
strength given by different calculations. This is 
tuiavoidttblo as a cell cannot be fractioned or di- 
vldnd. 

Epftoiekcy of Batteries. 

nal6 55 • The efllclencjr of a battery Is expressed by di- 
viding tiio rculiitaiireof the external clrcnlt by the total 
reiiUtaiiee of the olrcult. 

Effloiency = x»  ^ 
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Example. 

A battery consists of 67 cells in series of constants 
2 volts i ohm. It supplies 5 lamps in parallel, each 
100 volts 200 ohms constants. What is its eflBi- 
ciency? 

Solution: The resistance of the battery is 67 X j 
— 13.4 ohms. The resistance of the lamps is (Rule 
12) ^ = 40 ohms. Tlierefore the efficiency of the 
battery is 40.0 -*- (40 + 13.4) = .749 or 74.9^. 

Rule 5 6* To calculate tlie number of battery cells and 
tbeir arrangement for a glTen efficiency : Express tbe 
efficiency as a decimal, multiply tbe resistance of tbe 
external circuit by tbe complement of tbe efficiency 
(1— efficiency) and divide tbe product by tbe efficiency; 
ibis skives tbe resistance of tbe battery* Add tbe tiiro 
resistances and multiply tbeir sum by tbe current to be 
maintained for tbe £• ]fl« F. of tbe battery. Arrange tbe 
cells accordingly as near as possible to tbese require* 
ments. 

Examples. 

Five lamps, each 100 volts 200 ohms in parallel 
are to be supplied by a battery of cell constants 2 
volts .4 ohm. The efficiency of the battery is to be 
as nearly as possible 75^. Calculate the number of 
cells and their arrangement. 

Solution: The constants of the external circuit are 
40 ohms (Rule 12) and 100 volts. Applying the 
rule we have [40 X (1— .75)] -s- .75 = ^*VF = 13i 
ohms, the resistance of the battery. By Ohm's law 
the E. M. F. of the battery = (40 + 13i) X 2.5 = 
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133i volts. These constants, 13i ohms and 133i 
volts, require 67 cells in series and 2 in parallel. 

Proof: a. Of eflSciency, by Rule 55, ^^^^ = .75 
or 75^. b. Of number of cells and of their ari-ange- 
ment 67 X 2 = 134 volts (67 x A) ^ 2 = 13.4 
ohms, 134 -s- (13.4 + 40) = 2.5 amperes. 

Bale 57* HThere a fractional or mixed number of cells 
In parallel are called for to produce a igiwen efficiency, 
take a group of tlie next lilgliest integ^ral number of 
cells In parallel and proceed as In Rule 51. 



Example. 

Assume a current of 3i amperes to be supplied 
through a resistance of 30 ohms, absorbing 100 
volts E. M. P. Let the cell constants of a battery 
to supply this circuit be 2 volts, i ohm. Calculate 
the cells and their arrangement for 80 per cent, 
efficiency. 

Solution: By Eule 56 efficiency = .80 and 
^ ^ IkT '^^ ~ ''* ohms, which is the required resist- 
ance of the battery; 74 + 30 = 37i ohms are the total 
resistance of the circuit. By Ohm's law, 37i X 3i = 
125 volts, the required E. M. P. of the battery. 
This requires 63 cells in series, with a resistance for 
one series of 63 X J = lOJ ohms. To reduce this to 
7j ohms 'yJ = 1.4 cells in parallel are required. As 
this is a mixed number we take the next highest in- 
tegral number and place 2 cells in parallel. The 
constants of this group of 2 cells are 2 volts, A 
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ohm. Applying Rule 51 we have for the number of 
such groups in series; 2-{z^x A) ~ ^^ groups in series. 
As there are 2 cells in parallel the total cells are 116, 
of resistance, 58 X A = 4.83 ohms, and of B. M. F., 
58 X 2 = 116 volts. 

Proof: Of efficiency by Eule 55, aj+jes ~ ^^'l^* 
Of number and arrangement of cells goTT© ~ ^-^^ 
amperes. 

It is to be observed that the efficiency thus 
obtained is far from what is required. In most 
cases accuracy can only be attained by arranging 
the battery irregularly, which is unusual in prac- 
tice. An example will be found in a later chapter. 

Chemistry of Batteries. 

One coulomb of electricity will set free .010384 
milligrams of hydrogen. The corresponding weights 
of other elements or compounds are found by multi- 
plying this factor by the chemical equivalent, and 
dividing by the valency of the element or metal of 
the base of the compound in question. 

An element or other substance in entering into 
any chemical combination develops more or less 
heat, always the same for the same weight and com- 
bination. The atomic weight of an element or the 
molecular weight of a compound divided by the val- 
ency of the element or metal of its base gives the 
original chemical equivalent. 
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The quantities of heat evolved by the combination 
of quantities of substances expressed by their original 
chemical equivalents multiplied by one gram are 
termed the thermo-electric equivalents of the ele- 
ments or substances in question. In the tables it is 
expressed in kilogram degrees C. of water (kilogram- 
calories). 

From the thermo-electric equivalent of a combi- 
nation we find the volts evolved by it or absorbed by 
the reciprocal action of decomposition. 

Rale 58. Tlie volts evolved by any chemical com- 
bination or required for any cbemlcal decomposition 
are equal to tbe tbermo-electrle equivalent In kllo- 
Sram-calorles multiplied by •043. 

E = .043 X H. 

Examples. 

What number of volts is required to decompose 
water ? 

Solution: From the table we find that the com- 
bination of one gram of hydrogen with eight grams 
of oxygen liberates 34.5 calories. Then 34.5 X 
.043 = 1.48 volts. 

Rule 59. To determine tbe voltase of a galvanic 
couple subtract tbe kilogram calories corresponding to 
decompositions In tbe cell from tbose corresponding to 
combinations In tbe cell for effective energy and multi- 
ply by .043 for volts. 

Examples. 

Calculate the voltage of the Smee couple. 
Solution: In this battery zinc combines with 
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oxygen, giving out 43.2 calories and combines witli 
sulphuric acid, giving 11.7 more calories; a total of 
54.9 calories. An equivalent amount of water is at 
the same time decomposed acting as counter-energy 
of 34.5 calories. The effective energy is 54.9 — 
3.45 = 20.4 calories. The voltage = 20.4 X .043 = 
.877 volts. 

Calculate the voltage of the sulphate of copper 
battery. 

Solution: Here we have combination of zinc with 
sulphuric acid as above 54.9 calories; decomposition 
of copper sulphate 19.2 + 9.2 = 28.4 .-. 54.9 — 28.4 
= 26.5 calories effective energy 26.5 X .034 = 1.14 
volts. 

It will be noticed that these results are approxi- 
mate. Some combinations are omitted in them as 
cither of unknown energy, or of little importance. 

Work op Batteries. 

The rate of work of a battery is proportional to 
the current multiplied by the electro-motive force. 
The work is distributed between the battery and the 
external circuit in the ratio of their resistances as by 
Rule 55. The horse-power, and heating power are 
calculated by Rules 30-43, care being taken to dis- 
tribute the energy acording to the resistance by 
the following rule: 

Rnle 60. The eflTectlTe rate of iirork or tbe rate of 
-work in tlie external circuit of a battery. Is equal to tbe 
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total rate multiplied by tlie efficiency of tbe battery ex- 
pressed decimally. 

Example. 

25 cells of 2 volt 1 ohm battery are arranged in 
series on an external circuit of 250 ohms resistance. 
What work do thev do in that circuit? 

Solution: The current (Ohm^s law) = j^^ = ^ 

1.818 amperes. Total rate of work = 1.818 X 50 
volts = 90.9 watts. Efficiency of battery = IH = 90 
per cent, (nearly). Effective rate of work = 1.818 X 
50 X .90 = 81.81 watts. 

Chemicals Consumed in a Battery. 

Rnle 61* Tlie chemicals consumed In grams by a bat" 
tery for one kilogram-meter (7.1^3 foot lbs.) of ivork are 
found by multiplying tbe combining equivalent of tbe 
chemical by the number of equivalents In the reaction 
by the constant .000101867 and dividing by th pro- 
duct of the £• HKm F. by the valency of the element In 

question* 

^ _ Equiv. X n X .000101867 

E X valency 

Examples. 

What is the consumption of zinc and sulphate of 
copper per kilogram-meter of work in a DanieFs 
battery? 

Solution: Take the E. M. P. as 1.07 volt. The 
equivalent of zinc, a dyad, is 65 and one atom en- 
ters into the reaction. The zinc consumed there- 

fore = ""^V^-^r""' = -00309 gram. 
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The equivalent of copper sulphate, is 150.4. One 
equivalent enters into the reaction carrying with it 
one atom of the dyad metal copper. The weight 

J i.1, i! 159.4 X 1 X .000101867 i\nrfa 

consumed therefore = i(yrx2 ^ .0076 

grams. Add 56.46^ for water of crystallization. 

All these quantities are for one kilogram-meter of 
work (7.23 foot lbs.) which may be more or less 
effective according to circumstances as developed in 
Eules 44, 45, and 60. 

Decomposition of Compounds by the Battery. 

In cases where a compound has to be decomposed 
by a battery two resistances may be opposed to the 
work. One is the ohmic resistance of thei solution, 
which is calculated by Eule 16. The other is the 
electromotive force required to decompose the solu- 
tion. This is best treated as a counter-electromotive 
force. Then from the known data the current rate 
is calculated, and from the electro-chemical equiva- 
lents the quantity of any element deposited by a 
given number of coulombs is determined. 

Rule ea. To calculate the metal or other element lib- 
erated by a grlven current per g^lTen time proceed as fol- 
loiirs: Calculate the resistance. Determine the counter- 
electromotlTC force of the solution by Rule 58 and sub- 
tract It from the E. OT. F. of the battery or generator. 
Apply Ohm's la'w to the eflfectlve Toltage thus deter- 
mined and to the calculated resistances to find the cur- 
rent. Multiply the electro-chemical equivalent of the 
element by the coulombs or ampere-seconds. 
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EXAMPI.B. 

A bath of sulphate of copper is of specific resis- 
tance 4 ohms. The electrodes are supposed to be 
10,000 sq. centimeters in area and 5 centimeters 
apart. Two large Bunsen elements in series of 
1.9 volts .12 ohms each are used. What weight 
in milligrams of copper will be deposited per 
hour? 

Solution: By Rule 16 the resistance of the solu- 
tion is ^j^ = 0.023. The electro-chemical equiva- 
lent of copper is .00033 grams. The thermo-electric 
equivalent for copper from sulphate of copper 
is 19.2 + 9.2 = 28.4 calories. The E. M. F. 
corresponding thereto = 28.4 X .043 = 1.22 volts 
counter = E. M. P. The E. M. F. of the bat- 
tery = 1.9 X 2 = 3.8 volts, giving an effective E. M. 
P. of 3.8 — 1.22 = 2.58 volts. The resistance of the 
battery = .12 X 2 = .24 ohms. The current = 

■^'^023 ~ ^'^ amperes. This gives per hour 9.8 X 
3,600 = 35,280 coulombs, and for copper deposited 
.000,33 X 35,280 = 11.64 grams. 

In many cases one electrode is made of the mater- 
ial to be deposited and being connected to the car- 
bon end of the battery or generator is dissolved as 
fast as the metal is deposited. In such case there 
is no counter electro-motive force to be allowed 
for. 
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Example. 

• 

Take the last case and assame one electrode (the 
anode) to be of copper and to dissolve. Calculate 
the deposit. 

Solution: Current = 3.8 -s- (.24 + .023) = 14.4 
amperes = 51,840 coulombs per hour = .000,33 X 
61,840 = 17.10 grams of copper. 



CHAPTER 
electbo-maqftets, dykamos ajstd motobs. 

The Magnetic Field akd Lines of Force. 

A CURRENT of electricity radiates electro-magnetic 
wave systems, and establishes what is known as a 
field of force. The field is more or less active or in- 
tense according to the force establishing it. The 
intensity of a field is for convenience expressed in 
LINES OF FORCE. These are the units of magnetic 
intensity, often called units of magnetic flax, and 
the lino as a unit is comparable to the ampere X 10, 
which is the 0. G. S. unit of current. A line of 
force is that quantity of magnetic flux which passes 
through every square centimeter of normal cross- 
section of a magnetic field of unit intensity. The 
lino is at right angles to the plane of normal cross- 
soction of such field. Such intensity of field exists 
at the center of curvature of an arc of a circle of ra- 
dius 1 centimeter, and whose length is 1 centimeter, 
when a current of 10 amperes passes through this 
arc. Practically it is the amount which passes 
through an area of one square centimeter, situated 
in the center of a circle 10 centimeters in diameter. 
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surrounded by a wire through which a current of 
7.9578 amperes is passing. The plane of the circle 
is a cross-sectional plane of the field; a line perpen- 
dicular to such plane gives the direction of the lines 
of force, or of the magnetic flux. 

This cross-sectional area is often spoken of as the 
field of force. As a field exists wherever there are 
lines of force, there are in each magnetic circuit 
either an infinite number of fields of force, or a 
field of force is a volume and not an area. 

The number of lines of force or of magnetic flux 
per unit cross-sectional area of the magnetic cir- 
cuit, i. 6. per unit area of magnetic fleld, expresses 
the intensity of the field. In soft iron, it may run as 
high as 20,000 or more lines per square centimeter 
of cross-section of the iron which is magnetized. 

Just as we might speak of a bar of copper acting 
as conductor for 20,000 C. G. S. units of current, or 
2000 amperes, so we may speak of the iron core of a 
magnet carrying 20,000 lines of force. 

Permeance and Reluctance. 

This action of centralizing in its own material 
lines of force is analogous to •* conductance.'^ It is 
termed permeance. Its reciprocal is termed 
RELUCTANCE, which is precisely analagous to 
" resistance." Iron, nickel, and cobalt possess high 
permeance; the permeance of air is taken as unity. 
At a low degree of magnetization, soft iron pos- 
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sesses 10,000 times the permeance of air. At high 
degrees of magnetization, it possesses much less in 
comparison with air, whose permeance is unchanged 
under all conditions. 

There is no substance of infinitely high reluctance, 
which is the same as saying that there is no insula- 
tor of magnetism. 

MAGKETIZIiq^G FOECB AND THE MAQKETIC CIR- 
CUIT. 

The producing cause of the magnetic flux or mag- 
netization just described is in practice always a cur- 
rent circulating around an iron core. The name of 
MAGNETIZING FORCE is oftcu givcu to it. It is the 
analogue of electro-motive force, and is measured by 
the lines of force it establishes in a field of air of 
standard area. 

A high Talue for the magnetic force is 585 lines 
per square centimeter. It is proportional to the 
amperes of current and to the number of turns the 
conductor makes around it. Its intensity is often 
given in ampere-turns. 

Magnetization always implies a circuit. As far as 
known, magnetic lines of force cannot exist without 
a return circuit, exactly like electric currents. But 
owing to the imperfect reluctance of all materials, 
the lines of force can complete their circuit through 
any substance. In a bar magnet the return branch 
of the circuit is through air. 
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In the same magnetic circuit, tiie planes of nor- 
mal cross-section lie at various angles with each 
other. 

The law of a magnetic circuit is exactly compar- 
able to Ohm^s law. It is as follows: 

Rule 63. Tlie magnetlzaUon expressed In lines of 
force Is eqnal to tlie magnetizing force divided by tlie 
reluctance or multiplied hy tlie permeance of tlie entire 
circuit. 

This rule would be of very simple application, ex- 
cept for the fact that reluctance increases, or per- 
meance decreases, with the magnetization, and the 
rate of variation is different for different kinds of 
iron. 

Rule 64. Permeability is tlie ratio of magnetization 
to magnetizing force^ and is obtained by dlTldlAg mag- 
netization by magnetizing force* 

Permeability has to be determined experimentally 
for each kind of iron. It is simply the expression 
of a ratio of two systems of lines of force. It 
always exceeds unity for iron, nickel, and cobalt. 
The specific susceptibility of any particular iron to 
magnetization is its permeability. The susceptibil- 
ity of a portion, or of the whole of a magnetic cir- 
cuit is its permeance. » 

General Rules for Electro-Magnets. 

The traction of a magnet is the weight it can 
sustain when attached to its armature. It is pro- 
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portional to the square of the number of lines of 
force passing through the area of contact. 

Rule 65. Tlie traction of a magnet In pounds Is equal 
to tlie square of tlie number of lines of force per square 
lucliy multiplied by tbe area of contact and divided by 
Tl^yl 349000. In centimeter measurement tbe traction 
in pounds is equal to tbe square of tbe number of lines 
of force per square centimeter multiplied by tbe area of 
contact and divided by 11,183,000. Tbe traction in 
Krams is equal to tbe latter dividend divided by 24,655 
(8 V X 081); for dynes of traction tbe divisor Is 25.132 
(8ir) 

Examples. 

A bar of iron is magnetized to 12,900 lines per 
square inch; its cross-section is 3 square inches. 
What weight can it sustain, assuming the armature 
not to change the intensity of magnetization? 

Solution: 12,900^ X 3 = 499,230,000. This di- 
vided by 72,134,000 gives 6.914 lbs. traction. 

A table calculated by this rule is given. A 
diminished area of contact sometimes increases trac- 
tion, and a non-uniform distribution of lines may 
occasion departures from it. The above rule and 
the table alluded to are practically only accurate 
for uniform conditions. The reciprocal of the rule 
is applied in determining the lines of force of a 
magnet experimentally. 

Rule 66. Tbe lines of force wbieb can passtbrougb a 
magnet core ivltb economy are determined by tbe tables, 
keeping in mind tbat it is not advisable to let tbe per- 
meability ta\\ beloiv 200—300. From tbem a number 
is taken (40,000 lines per square incb for cast iron or 
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100,000 lines per square Incli for wrouglit Iron are good 
general averages) and Is multiplied by the cross-see- 
tloual area of the magnet core. 

Rule 67. To calculate the magnetizing force In am- 
pere turns required to force a given number of magnetic 
lines through a given permeance, multiply tbe desired 
lines of force by the reluctance determined as beloiv. 

Rule 68, a. The reluctance of a core or of any portion 
thereof for inch measurements Is equal to the product 
of the length of the core or of the portion thereof by 
0.31 32 divided b^ the product of Its cross-sectional area 
and permeability. 

b. The reluctance for centimeter measurements Is 
equal to the length of the core divided by the product of 
1.2566, by the cross-sectional area and the permea- 
bUity. 

Examples. 

440,000 lines are to be forced through a bar of 
wrought iron 10 inches long and 4 square inches in 
area; calculate its reluctance and the magnetizing 
force in ampere turns required to effect this mag- 
netization. 

Solution: The reluctance (a) = 10 X .3132 -?- (4 X 
permeability). 440,000 lines through 4 square inches 
area is equal to 110,000 lines through 1 square 
inch; for this intensity and for wrought iron the 
permeability = 166. 166 X 4 = 664. The reluc- 
tance therefore = 3.132 ^ 664 = .0047. The mag- 
netizing foi'ce in ampere turns = 440,000 X .0047 
= 2068. 

The same number of lines are to be forced 
through a bar 25.80 square centimeters area and 
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25.40 centimeters long. Calculate the ampere 
turns. 

Solution: 440,000 lines through 25.80 sq. cent. 
= ^^ = 17,054 through 1 sq. cent., for which the 
permeability = 161. The reluctance therefore, (b) 
= 25.40 + (1.2566 X 25.80 X 161) = .0048. The 
ampere turns = 440,000 X .0048 = 2112. 

Magnetic Circuit Calculations. 

Practically useful calculations Include always the 
attributes of a full magnetic circuit, because mag- 
netization can no more exist without a circuit than 
can an electric current. In practice an electro- 
magnetic circuit consists of four parts: 1, The 
magnet cores; 2 and 3, the gaps between armature 
and magnet ends; 4, the armature core. To cal- 
culate the relations of magnetizing force to magne- 
tization the sum of the reluctances of these four 
parts has to be found. A further complication 
is introduced by leakage. The permeability of well 
magnetized iron being so low, not exceeding 150 to 
300 times that of air, a quantity of lines leak across 
through the air from magnet limb to magnet limb. 
Leakage is included in the sum of the reluctances 
by multiplying the reluctance of the magnet core by 
the coefficient of leakage, which is calculated for 
each case by more or less complicated methods. For 
parallel cylindrical limb magnets the calculation is 
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exceedingly simple. The calculation in all cases is 
simplified by the fact already stated, that in air 
permeability is always equal to unity, whatever the 
degree of magnetization. For copper and other 
non-magnetizable metals the variation from unity is 
so slight that it may, for practical calculations, be 
treated as unity. 

Leakage of Lines of Force. 

Leakage is the magnetic flux through air from 
surfaces at unequal magnetic potential, such as 
north and south poles of magnets. It is measured 
by lines of force and is proportional to the relative 
permeance of its path. 

The coefficient of leakage of a magnetic circuit is 
the quotient obtained by dividing the total magnetic 
flux by the flux through the armature. The total 
magnetic flux is the maximum flux through the 
magnet core. 

Rnle 69« To obtain the coelBelent of leaka^^e dlTlde 
the permeance of the armature core and of the tivo saps 
pins one-half the permeance of air betiireen magnet 
limbs by the permeance of the armature core and of the 
tivo gaps* 

Example. 

The total flux through an armature core is found 
to be at the rate of 70,000 lines per square inch, and 
the armature core is 3 inches diameter and 10 inches 
long. The average length of travel of the magnetic 
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lines through it is H inches. The air gaps are 10 X 
3 inches area and i inch thick. The permeance be- 
tween the limbs of the magnet is 500. Calculate 
the coefficient of leakage. 

Solution: 70,000 lines per square inch gives a 
permeability of 1,921. By Rule 68 the reluctance 

of the armature core is go^^^ X .3132 = .000008. 

The reluctance of a single air gap is || X .3132 = 
.0052. Thus the armature reluctance is so small 
that it may be neglected. The permeance of the 
two air gaps is given by ^^^2 ~ ^^^ (about). The 

coefficient of leakage = ^^^^ = 3.5. 

As the coefficient of leakage is the factor used in 
these calculations, the permeance of the leakage paths 
is the desired factor for its determination. In the 
case of cylindrical magnet cores parallel to each 
other, they are obtained from a special table given in 
its place later. It is thus calculated and used. 
The least distance separating the cores (b) is di- 
vided by the circumference of a core (p) giving the 
ratio (^) of least distance apart to perimeter of a 
core. The number corresponding in columns 3 or 5 
is multiplied by the length of a core. The product 
is the permeance. Columns 2 and 3 give the re- 
luctance. To reduce to average difference of mag- 
netic potential divide by 2. 
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Example. 

Calculate the permeance between the legs of a 
magnet, 3 inches in diameter and 12 inches high 
and 5 inches apart. 

Solution: The perimeter = 3 X 8.14 = 9.42. ^^ = 
i or .5 nearly. From the table of permeability 
we find 6.278. Multiplying this by 12 we have 
6.278 X 12 - 75.336, the permeance. Dividing by 
2 we have ^^^ = 37.668, the permeance for use in 
the calculation of leakage coefficient. 

It will be observed that this calculation is based 
entirely on the ratio stated, and that absolute di- 
mensions have no effect on it. 

For flat surfaces, parallel and facing each other, 
the following method precisely comparable to the 
rule for specific resistance is used: 

Rule 70. Tlie permeance of tlie air space betureen flat 
parallel surfaces Is equal to tlieir average area multi- 
plied by 3.193 and divided by their distance apart, all 
in incli measurements. 

Example. 

Determine the permeance between the two facing 
sides of a square cored magnet 15 inches long, 3 
inches wide and 8 inches apart. 

Solution: 3 X 15 = 45 (the average area); 45 X 
3.193 -^ 8 = 17.96. For use in calculations it 
should be divided by 2 giving 8.98. Tliis division 
by 2 is to reduce it to the average difference of mag- 
netic potential between the two magnet legs. 
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Calculations for Magnetic Circuits. 

A magnetic circuit is treated like an electric one. 
The permeance (analogue of conductance) or reluc- 
tance (analogue of resistance) is calculated for its 
four parts, magnet core, two air gaps, and armature 
core. The leakage coefficient is determined and ap- 
plied. The requisite magnetizing force is calcu- 
lated in the form of ampere turns (the analogue of 
volts of E. M. F.). The preceding leakage rules 
cover the case of parallel leg magnets. For others 
a slight change is requisite in the leakage calcula- 
tions, but in practice an average can generally be 
estimated. 

Example. 

Assume the magnet and- armature of a dynamo. 
The magnet is of cast iron, each leg is cylindrical in 
shape, 4 inches in diameter and 20 inches high. 
From center to center of leg the distance is 9 inches. 
The armature core of soft wrought iron is 4 inches 
in diameter and 8 inches long, the pole pieces curv- 
ing around it are 4 inches, measured on the curve 
inside, by 8 inches long. The air gap is i inch 
thick. Calculate the reluctance of the circuit and 
the ampere turns for 500,000 lines of force. 

Solution: The pole pieces approach within 2i 
inches of each other. This leaves 1^ inches of the 
diameter of the armature core embedded or included 
within or embraced by them. One-half of this 
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amount may be taken and added to 2i giving 3i as 
the average depth of core for an area 4 X S = 32 
square inches. The lines per square inch of arma- 
ture core are ^^^ = 15,625 lines per square inch. 
By the table of permeability, 4650 is given for per- 
meability for 30,000 lines in soft iron. For 15,625 
lines per square inch 9,000 can safely be taken for 
permeability. Its relative reluctance is therefore 
>^^l^JQQ = .000011 relative armature core reluctance. 

(1) 

The relative reluctance of one air gap (permeabil- 
ity = 1) is i -*- 32 = .0078 and .0078 X 2 = .0156 = 
air gaps reluctance (2). 

The ratio - of the table for determining the leak- 
age between cylindrical magnet legs is 53^^ = .4. 
5 is the distance between the legs. Permeance cor- 
responding thereto is 6.897, which multiplied by 20, 
the length of the legs, and divided by 2 for average 
magnetic potential difference gives 68.97 for rela- 
tive effective permeance (3). 

The relative reluctance of the air gaps and arma- 
ture core is .015611; the reciprocal or permeance is 
64.06 (4). 

For coefficient of leakage we have (64.06 + 68.97) 
-*- 64.06 = 2.08 (5). 

To find the relative reluctance of the magnet core 
whose yoke may be taken as of mean length 9 inches 



94 ARITHMETIC OF ELECTRICITY. 

and of area equal to that of the core (3.14 X 2^ = 
12. 5()) we have to first determine the permeability. 
^^^ = 40,000 lines per square inch, corresponding 

to a permeability of 258. For the effective reluc- 
tance of the magnet core introducing the factor of 
leakage (2.08) we have the expression ^^"^|^x^^^ 
= .0314. 

To get ampere turns, we add the reluctances of 
circuit, multiply by .3132 and by the required lines, 
(.000011 + .0156 + ,0314) X .3132 X 500,000 = 
73G2 ampere turns required. 

In the above calculations, the multiplication by 
.3132 was omitted to save trouble, relative reluc- 
tances only being calculated, until the end when one 
multiplication by .3132 brought out the ampere 
turns. The leakage appears excessive partly be- 
cause of the high reluctance of the two air gaps. 
These should be increased in area and reduced in 
depth if possible. The leakage is also high on 
account of the legs of the magnet being close to- 
gether. Were these separated, a larger armature 
core might be used, justifying a lower speed or rota- 
tion of armature, reducing reluctance of air gaps by 
increasing their area, and reducing leakage between 
magnet legs by increasing their distance. The 
magnet legs might also be made shorter, thus reduc- 
ing leakage. 



ELECTRO-MAGNETS, DYNAMOS AND MOTORS, 95 

Thus assume the magnet core of the same cross- 
sectional area, but only 10 inches long and with a 
distance apart of legs of 7 inches, giving a 7 X 10 
inch armature core and pole piece areas (air gap 
areas) of 7 X 10 = 70 sq. inches. 

y. ft 

For leakage ratio we hate (p) = jg-^g = -56 giv- 
ing from the proper table 6,000 (about), ?:??2-><J? 
= 30 relative permeance of air space between legs. 

For air gaps reluctance J -?- 70 = .00357 which 
for the two gaps gives .00714 relative reluctance. 

Treating the armature core as a prism 7 X 10 = 70 
sq. inches area and 5 inches altitude, we have for 
lines per sq. inch 500,000 -s- 70 = 7000 giving it 
about 9000 and reluctance as 5 -^ (70 X 9,000) = 
.000008 reluctance. 

Air gaps and armature core reluctance = .007148. 
and permeance = -^^ = 139. 

Coefficient of leakage = ^-^^ = 1.21. 

If the depth of the air gaps was reduced to i inch 
the coefficient of leakage would then be about 1.11. 

Every surface in a magnet leaks to other surfaces 
and the leakage from leg to leg is sometimes but one 
third of the total leakage. In practice the total 
leakage often runs as high as 50^ giving a coefficient 
of 2.00 and in other cases as low as 25^, giving a co- 
efficient of 1.33. 
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Dynamo Armatures. 

An armature of a dynamo generally comprises two 
parts — the core and the winding. The core is of 
soft iron. Its object is to direct and concentrate 
the lines of force, so that as many as possible of 
them shall be cut by the -revolving turns or convolu- 
tions of wire. The winding is usually of wire. It 
is sometimes, however, made of ribbon or bars of 
copper. Iron winding has also been tried, but has 
never obtained in practice. The object of the wind- 
ing is to cut the lines of force, thereby generating 
electro motive force. The number of the lines of 
force thus cut in each revolution of the armature 
is determined from the intensity of the field per 
unit area, and from the position, area and shape of 
the armature, coils and pole pieces. The number 
thus determined, multiplied by the number of times 
a wire cuts them in a second, and by the effective 
number of such wires, gives the basis for determin- 
ing the voltage of the armature. 

Rule 71. One Tolt £• TXK» F« Is generated by tlie cnUint; 
of 10» (lOOyOOOsOOO) lines of force In one second. 

EXAMPLBS. 

A single convolution of wire is bent into the form 
of a rectangle 7 X 14 inches. It revolves 25 times a 
second in a field of 20,000 lines per square inch. 
What E. M, P. will it develop at its terminals? 

Solution: The area of the rectangle is 7 X 14 = 98 
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square inches. Multiplying this by the lines of force 
in a square inch, we have 98 X 20,000 = 1,900,000. 
Each side of the rectangle cuts these lines twice in 
a revolution, and makes 25 revolutions in a second. 
This gives 25 X 2 X 1,960,000 = 98,000,000 lines 
cut per second, corresponding to 98 X 10* X 10"* = 
98 X 10-* = Ms volts E. M. F, generated, or W/m^ 
= Ms volts. 

The field of the earth in the line of the magnetic 
dip = .5 line per square centimeter. Calculate a 
size, number of layers, and speed of rotation for a 
half volt earth coil. 

Solution: We deduce from the rule the following: 
Area of coil X revolutions per sec. X convolutions 
of wire X .5 X 10"* = .5. We may start with revolu- 
tions per second, taking them at 2020. Next we 
may take 50,000 convolutions. 20 X 50,000 X .5 = 
600,000. This must be multiplied by 200 to give 
10*; in other words, the average area within the 
wire coils must be 200 square centimeters, or 20 X 
10 centimeters. 200 X 2000 X 500 X .6 = 10*, and 
10* X 10* = .5 volt. 

Rnle 73. The capacity of an armature for current Is 
determined by tbe cross-section of Its conductors. Tl&ls 
sltonld be sncli as to alloiv 520 sqnare mils per ampere 
= 1923 amperes per square Inclt area. 

Example. 

A drum armature coil is of 4 inches diameter, 
and is wound with wire -dif of the periphery of the 
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drum in diameter; the wire is KX) feet long. Its 
E, M. F, i» 00 volts. What is the lowest admissible 
external resistance? 

Solution: The circumference of the drnm is 3.14 
X 4 = 12.56 inches. The diameter of the wire is 

-^^f = .0418 in. or 42 mils. The area of the wire is 

21* X 3.14 = 1387 square mils. By the rule the 
allowable current in amperes for a single lead of 
such wire is Hi3- = 2.6(5 amperes. But on a drum 
armature the wire lies with two leads in parallel. 
Ilcncc it has double the above capacity of 2.66 X 2 
— 5.32 amperes. The resistance of such wire may 
be taken at .137 ohm. By Ohm's law the total re- 
sistance for the current named must be ^ or 17 

ohms. The external resistance is given by 17 — 
.137 = 16.863 ohms. 

These two rules enable us to calculate the ca- 
pacity of any given armature. Certain constants 
depending on the type of armature have to be intro- 
duced in many cases. 

Drum Type Closed Circuit Armatures. 

For these armatures the following rules of varia- 
tion hold, when they do not differ too much in size, 
and are of identical proportions. 

Rule 73* a. The E. ]fl« F. varies directly mrltli the 
square of the size of core and nrlth the number of turns 
of ivlre. 
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b. The current capacity varies ivltii the sixth ponrer 
of the size of core for Identical K. M, F« 

c. The resistance varies dlreitly with the cube of the 
number of turns and Inversely ivlth the size of core. 

d. The amperage on short circuit varies directly with 
the bube of the size and Inversely with the square of 
the number of turns. 

In these rules the proportions of the drum are 
supposed to remain unchanged. Size may be re- 
ferred to any fixed factor such as diameter, as lineal 
size is referred to. 

These rules enable us to calculate an armature 
for any capacity and voltage. As a starting point a 
given intensity of field, speed of rotation, and num- 
ber of turns of wire and size of wire has to be taken. 
The wire is selected to completely fill the periphery 
of the drum. Then a trial armature is calcu- 
lated of the required voltage and its amperage is 
calculated. With this as a basis, by applying Rule 
73, sections a and b, the size of an armature for the 
desired current capacity is calculated, the E. M. F. 
being kept identical. As a standard for medium 
sized machines 20^ of the turns of wire may be con- 
sidered inactive. 

Example. 

Calculate a 100 volt, 20 ampere armature, whose 
length shall be twice its diameter, to work at a 
speed of 15 revolutions per second. 

Solution: Take as intensity of field 20,000 lines 
per square inch. Allow 80j^ of active turns of 
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wire. Start with a core 8 X 16 = 128 square inches, 
including 128 X 20,000 = 256 X 10* Hues of force. 
The given si^eed is 15 rotations per second. For 
the number of active turns of wire per volt we 
have to divide 10* or 100,000,000 by one half the 
lines of force cut by one wire per second. This 
number is 256 X 10* X 15, or 38,400,000; and 

^i^^= 2.6 turns. For 100 volts, therefore, 260 

active turns are needed. If one half the lines were 
not taken the result would be one half as great, be- 
cause each line cuts each line of force twice in a 
revolution, and in the computation a single cutting 
per revolution only is allowed for. 

The reason for thus taking one half the lines cut 
by a single wire as a base is because in the drum arma- 
ture the wires work in two parallel series, giving one 
half the possible voltage. The actual turns are 
260 -s- .80 = 325, say 324 turns. Assume it to be 
laid in two layers giving 162 turns to the layer. 
The space occupied by a wire is equal to the peri- 
meter divided by the number of wires or t¥i = .154 
in. Allowing 25^ for thickness of insulation, lost 
space, etc., we have .115 in. or 115 mils as the 
diameter of the wire. In the drum armature as just 
stated the wire is parallel, so that the area of one 
lead of wire has to be doubled, giving 10,573 X 
2 square mils as the area of the two parallel leads. 
This is enough for 40 amperes or double the amper- 
age required. This capacity is reached by taking 
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520 square mils per amperp as the proper cross-sec- 
tional area of the wire. (Rule 72.) 

We must therefore reduce the size to give j4 the 
ampere capacity; this reduction (by Rule 73 b) is in 

the ratio 1 : J4' = 1 : .89018 ; the size therefore is 
8 X .89018 diameter by 16 X .89018 length = 7.12 
X 14.24 inches. 

Applying a for voltage we have for the same num- 
ber of 'turns on the new armature a voltage in the 
ratio of 1 : .89018* or about A of that required. We 
must therefore divide the number of turns in the 
trial armature by .89018^ giving for the number of 
turns -^ = 409, say 410 turns. 

To prove the operation we first determine the 
voltage of the new armature. Its area is 7.12 X 
14.24 = 101.4 square inches including 2,028,000 lines 
of force. The active wires are 410 X .8 = 328. 
We have for the voltage = ^<»6,ooo^x m x is _ ^^ ,^,3 

volts. 

The relative capacity of the wire is deduced from 
the square of its diameter. The circumference of 
the new armature is 7.12 X 3.14 = 22.3568. There 
are 205 turns in a layer giving as diameter of wire 

^^ = .1091 mils. This must be squared, giving 
.0119, and compared with the square of the corre- 
sponding number for the original armature. This 
number was 25 + .162 = .154 inch. .154* = .02371 
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and .01190 + .02371 = i (nearly), showing that 
the new armature has one half the ampere capac- 
ity of the old, or 40 X i = 20 amperes as re- 
quired. 

The gauge of the wire is reached by making the 
same allowance for insulation and lost space, viz., 
25^. .1091 X .75 = .0818 in. or 81.8 mils diameter, 
for size of wire. Of course there is nothing absolute 
about 25^ as a loss coefficient; it will vary with 
style of insulation and even to some extent with the 
gauge of wire. But as Eule 73 is based upon the 
assumption that this loss is a constant proportion of 
the diameter of the wire, too great a variation of 
sizes should not be allowed in its application. In 
other words the trial armature should be as near as 
possible in size to the final one. 

Suppose on the other hand that an armature for 
100 amperes was required. This is for 2}4 times 
40 amperes (the capacity of the first calculated or 
trial armature). 

Applying b we extract the 6th root of 2>^. (2j^)i 
= 1.1653 (by logarithms or by a table of 6th 
roots). The size of the new armature is therefore 
8 X 1.1653 by 16 X 1.1653 or 9.3224 X 18.6448 
inches. 

Applying a for voltage we have for the same num- 
ber of turns of the new armature a voltage in the 
ratio of 1.1653^ : 1 or 1.358 times too great. We 
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must therefore multiply the original turns by the 
reciprocal of 1.358, giving j^ = 239 turns. 

To prove the voltage, we multiply 239 by .8 for 
the active turns of wire, giving 191.2 turns. The 
area of the armature is 9.32 X 18.64 = 172.7 square 
inches. For voltage this gives 172.7 X 191.2 X 20,- 
000 X 15 X 10"« = 98.6 volts (about). 

To prove the capacity we must divide the circum- 
ference of the new armature, 9.32 X 3.14 = 29.26 
inches, by the turns of wire in one layer, H^ = 120 
turns (about). This gives a diameter of 244 mils 
(nearly). The ratio of capacities of the original and 
this wire is .2442 ^ .1542 inches = .059536 -^ .02371 
—2.51 corresponding to 40 X 2.51 = 100 amperes. 

These results, owing to omissions of decimals, do 
not come out exactly right and it is quite unneces- 
sary that they should. The accuracy is ample for 
all practical purposes. For armature dimensions it 
would be quite unnecessary to work out to the sec- 
ond, decimal place. It would answer to take as ar- 
mature sizes in the two cases given 7 X 14 J4 inches 
and 9)i X 18^ inches. 

It is also to be noted that a very low rate of rota- 
tion was taken. 25 to 30 turns per second would 
not have been too much. The latter would give 
double the voltage and the same amperage. 

Field Magnets of Dynamos, 
The calculation for a magnetic circuit given on 
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pages 92 efc seq., is intended to supply an example of 
the calculation of the circuit formed by a field mag- 
net and its armature, such as required for dynamos. 
The leakage of lines of force is and can only be so 
incompletely calculated that it is probably the best 
and most practical plan to assume a fair leakage 
ratio and to make the magnet cores larger than re- 
quired by the lines of force of the armature in this 
ratio. A low multiplier to adopt is 1.25, which is 
lower than obtains in most cases; 1.50 is probably a 
good averagie. 

Rale 74. Tlie cross-nectlonal area of the field-magnet 
cores Is equal to tlie lines of force In tlie field divided bjr 
tbe masnetlo flux (column B) for tl&e material selected 
and corresponding to tbe cl&osen permeability (m)) mul« 
tl piled by tlie leakage coefllclent* 

A good range for permeability is from 200 to 400 
giving for wrought iron from 100,000 to 110,000 
lines of force per square inch and for cast iron from 
35,000 to 45,000 lines per square inch; for the field 
from 15,000 to 20,000 lines per square inch maybe 
taken. 

The permeability table gives data for different 
qualities of iron. 

Example. 

Taking the 100 volt 100 ampere armature last cal- 
culated, determine the size of field-magnet cores to 
go with it, and the ampere turns and other data. 

Solution: Assume 20,000 lines of force per square 
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inch in the field, 45,000 in cast iron and 110,000 in 
wrought iron core and a leakage coefficient of 1.25. 
We have for total lines of force passing through 
armature 172.7 X 20,000 = 3,454,000f cross-sectional 

area for cast iron core ^^^ X 1.25 = 96 square 

inches; cross-sectional area for wrought iron core 

^^^ X 1.25 = 39 square inches. 

As length of cores we may take 20 inches with, 
a distance between them of 10 inches. Assume 
wrought iron to be selected. If cylindrical they 
would be 7 inches in diameter to give the required 
cross-sectional area. The yoke connecting them 
would average in length 10 + 7 = 17 inches, giving 
for magnet cores and yoke a length of 17 + 20 + 20 
= 57 inches. The reluctance of cores and yoke 

(Rule 68) - m^ (taking /* = 200) which reduces 

to .00132 (1). 

The armature area is 172.7 inches. As average 
length of the path of lines of force through it 5 
inches may be taken. As it passes only 20,000 lines 
of force per square inch of field its permeability is 
high, say 9000. Its reluctance is given by 173 ^W 

This is so low that it may be neglected. 

The area of each air-gap may be taken as 173 
square inches, and of depth of two windings plus 
about A inch for clearance or windage giving 
(.224 X 2) + .1 = about .6 inch for its depth. Its 
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reluctance is ^;^|-'^= .00108. As there are two air 

gaps we may at once add their reluctances giving 
.00216 (2). 

By Rule 67 the ampere turns are equal to the 
product of the reluctances (1) and (2), by the lines 
of force giving (.00121 + .00216) X (172.7 + 20,000) 
= 11640 ampere turns. 

The proper size of wire for series winding may bo 
determined by Sir William Thompson's rule that in 
series wound dynamos the resistance of the field mag- 
net windings should be f that of the armature. The 
length of the wire in the armature is equal approxi- 
mately, to the circumference 9.32 X 3.14 = 29.26 
multiplied by the number of turns (240) giving 
29.26 X 240 = 7022 inches. 

The wire turns on the field magnets are found by 
dividing the ampere turns by the amperes giving 
HV^ = 232 turns. The circumference of the mag- 
net leg is 7.0 X 3.14 = 22 inches. Tho total length 
of wire is therefore, approximately, 232 X 22 = 5104 
inches. 

To compare the resistances we must use ^^ for 
the length of the armature wire, because it is in 
parallel, and therefore is J the length and i the re- 
sistance of the full wire in one length. Dividing by 
4 introduces this factor. 

As the resistances of the wires are to be in the ratio 
of 2 : 3, we have by Rule 13 (calling the thickness 
of armature wire 244 X .75 = 183 mils to allow for 
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insulation, etc.), 2:3:: 183^ X 5104 : x" X ^/^, and 
solving we find x" = 73026 ,'. x = 270 mils. 

For shunt winding Sir William Thompson's rule 
is that the product of armature and field resistance 
should equal the square of the external resistance. 
The latter may be taken (Ohm's law) as equal to 

iou"^m^es ^ ^ ^^^™- Pj'operly the armature resist- 
ance should be allowed for, but it is so small that it 
need not be included. We have therefore, arma- 
ture resistance X field resistance = 1^ X 1. 

The armature resistance is .0419 ohms. There- 
fore the field resistance is -7^0 = 24 ohms. The cur- 

.0419 

rent through this is equal to W = 4 amperes 
(nearly). Therefore ^F^ = 2910 turns of wire are 
needed. The length of such wire will be ^^^^ 
= 5335 feet. The resistance is about 4.4 ohms per 
1000 feet corresponding to about .48 mils diameter. 

The Kapp Line. 

Mr. Gisbert Kapp, C. E. who has given much in- 
vestigation to the problems of the magnetic circuit 
and especially to dynamo construction, is the orig- 
inator of this unit. He considered the regular C. 
G. S. line of force to be inconveniently small. He 
adopted as a line of force the equivalent of 8000 C. 
G. S. lines and as the unit of area one square inch. 
Therefore to reduce Kapp lines to regular lines of 
force they must be multiplied by 6000, and ordi- 
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nary lines of force must be divided by 6000 to obtain 
Kapp lines. These lines are often used by English 
engineers. The regular system is preferable and by 
notation by powers of ten can be easily used in all 
cases. 



CHAPTER X. 

DEMONSTRATION OF RULES. 

In the following chapter we give the demonstra- 
tion of some of the rules. As this is not within the 
more practical portion of the work, algebra is used 
in some of the calculations. It is believed that rules 
not included in this chapter, if not based on experi- 
ment, are such as to require no demonstration here. 

Rule 1 to 6, pages 13 and 14. Ohm's law was 
determined experimentally, and all the six forms 
given are derived by algebraic transposition from 
the first form which is the one most generally ex- 
pressed. 

Rale 8, page 19. This is simply the expression of 
Ohm's law as given in Rule 1, because in the case of 
divided circuits branching from and uniting again 
at common points, it is obvious that the difference 
of potential is the same for all. Hence the ratio as 
stated must hold. 

Rule 9, page 20. This rule is deduced from Rule 
8. It first expresses by fractions the relations of 
the current. Next these fractions are reduced to a 
common denominator, so as to stand to each other in 
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the ratio of tlieir iiu inerutors. By applying the new 
comuiou denominator made up of the sum of 
the numerators the ratio of the numerators 
is unchanged, and the ratio of the new fractions is 
the same as that of their numerators, while by this 
operation the sum of the new fractions is made 
equal to unity. Thus by multiplying the total cur- 
rent by the respective fractions it is divided in the 
ratio of their numerators, which are in the inverse 
ratio of the resistances of the branches of the circuit 
and as the sum of the fractions is unity, the sum of 
the fractions of the current thus deduced is equal to 
the original current. 

Rale 10, page 21. Resistance is the reciprocal of 
conductance. By expressing the sum of the recip- 
rocals of the resistances of parallel circuits we ex- 
press the conductance of all together. The recipro- 
cal of this conductance gives the united resistance. 

Role 11, page 22. This is a form of Rule 10. 
Call the two resistances x and y. The sum of their 
reciprocals isi+J which is the conductance of the 
two parallel circuits or parts of circuits. Reducing 
them to a common denominator we have: JL + iL 

xy xy 

which equals ^^—^r, whose reciprocal is -^. 

Role 17, page 31. Taking the diameter of a wire 
as d, its cross sectional area is ^. The resistance 
is inversely proportional to this or varies directly 
with 7;^=-^^. As the resistance of a conductor 
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varies also with its length and specific resistance we 
have as the expression for resistance: 

Sp. Res. X 1.2737 X 1 

Rnie 18, page 32. Assume two wires whose 
lengths are I and l^, their cross sectional areas a and 
a^, their specific resistances s and s^, and their resis- 
tances r and r^. From preceding rules we have for 
each wire: r = s ^ (1) and ri = s^ ^ (2). 
Dividing (1) by (2) we have: 

L.=lxLx»^(3). .(Day) 

If we take the reciprocal of either member of this 
equation and multiply the other member thereby it 
will reduce it to unity, or: 

For convenience this is put into a shape adapted 
for cancellation. 

Rnie 20, page 38. This is merely the expression 
of Ohm's Law, Rule 3. 

Rule 22, page 40. Call the drop e, the combined 
resistance of the lamps R, and the resistance of the 
leads X. Then as the whole resistance is expressed 
as 1 00 (because the work is by percentage) the differ- 
ence of potential for the lamps is 100 — e. By 
Ohm's law we have the proportion: 100-^ : e :: R : 
X or 

eR 



X = 



100-e 

Rule 25, page 44. From Rule 22 we have: 

^ _ _iA (1) 

^ -■ 100— € ^ ^ 
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Call the resistance of a single lamp r, then we 
have by Rule 12: 

«=.T (2) 

Substituting this value of R in equation (1) we 
have: 

er 
n X (100-d) (3) 

Prom Rule 24 we have, calling the cross-section a: 

I X 10.79 

^='-^- (4) 

Substituting for x its value from equation (3) we 
have: 



I X 10.79 X n X (lOO-e) 

-= (5) 



er 



But as I expresses the length of a pair of leads, 
not the total length of lead but only one-half the 
total, the area should be twice as great. This is 
effected by using the constant 10.79 X 2 = 21.58 in 
the equation giving: 

I X 21.58 X n X (100-€) 



o = 



er 



Rule 28, page 48. Assuming the converter to work 
with 100^ efficiency (which is never the case), the 
watts in the primary and secondary must be equal 
to each other or: 

C^ R = C,2 R„ and R = ^' R^, 

or the resistances of primary and secondary are in 
the ratio of the squares of the currents. The direct 
ratio is expressed by the ratio of conversion, when 
squared it gives the ratio of the squares as required. 
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Rnie 37, page 59. Let d = diameter of the wire in 
centimeters. The resistance of one centimeter of 

such a wire in ohms = Sp. Kesist. X 10"® X ^. The 

specific resistance is here assumed to be taken in 
microhms. The quantity of heat in joules devel- 
oped in such a wire in one second is equal to the 
square of the current in C. G. S. units, multiplied 
by the resistance in C. Q. S. units and divided by 
4.16 X 10% the latter division effecting the reduc- 
tion to joules. 1 ohm = 10^ C. G. S. units of re- 
sistance. Multiplying the expression for ohmic 
resistance by 10® we have: Sp. Resist. X 10' X ^. 
1 ampere = lO-i C. G. S. unit. If we express the 
current in amperes we must multiply it by 10"', in 
other words take one-tenth of it. Our expression 
then becomes for heat developed in one second 



a)'x 



Sp. Resist. X 10* X 4 
IT d« X 4.16 X IQT 



The area of one centimeter of the wire is tt ^ 
square centimeters. The heat developed per square 
centimeter is found by dividing the above expression 
by Trd giving: 

^_c \ • ^ Sp. Resist. X lO' X 4 
V 10 ^ ir» d» X 4.16 X 10^ 

The heat developed is opposed by the heat lost 
which we take as equal to tAs per square centimeter 
per degree Cent, of excess above surrounding me- 
dium. Therefore taking t° as the given tempera* 
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ture cent, we may equate the loss with the gain 
thus: 

t° _ /_c \ 9 ^ Sp Resist. X 10^ X 4 
4000 7 (,10/ - ir3 ds X 4.16 X 10^ 

_ ca X Sp. Resist. X lOa X 4 X 40000 _ 
^ ~ ira X 4.16 X 10» X t" 

c* X Sp. Resist. X .00039 

Rule 51, page 69. Call the external resistance r; 
number of cells nj resistance of one cell Rj E. M. 
F. of one cejl E; E. M. F. of outer circuit e. 
Then from Ohm^s law we have: 

nE 
^~ ni2 + R (1) 



which reduces to: 



but G r = e. 



Or 
** = E-CB (2) 



n = 



E — C^ (3) 

Rule 64, page 72. This rule is deduced from the 
following considerations. The current being con- 
stant the work expended in the battery and external 
circuit respectively will be in proportion to their 
differences of potential or E. M. F's. But these 
are proportional to the resistances. Therefore the 
resistance of the external circuit r should be to the 
resistance of the battery R as efficiency: 1 — effi- 
ciency or r : R :: efficiency : 1 — efficiency or 

from Ohm's law. 
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Rui€i579 page 74. This rule gives the nearest ap- 
proximation attainable without irregular arrange- 
ment of cells. By placing some cells in single series 
and others two or more in parallel, an almost exact 
arrangement for any desired eificiency can be ob- 
tained. Such arrangement are so unusual that it is 
not worth while to deduce any special rule for 
them. Thus taking the example given on page 
74 the impossible arrangement of 1.4 cells in 
parallel and 63 in series would give the desired 
current and efficiency. The same result can 
be obtained by taking 72 cells in 36 pairs with a re- 
sistance of 36 K A = 3 ohms, and adding to them 
27 cells in series with a resistance of 27 X i = 4i 
ohms, a total of 7i ohms. The E. M. F. is equal to 
(36 -f- 27) X 2 = 126 volts. The total cells are 
72 + 27 = 99. 

Rule 68, page 76. One coulomb of electricity lib- 
erates from an electrolyte .000010384 gram of 
hydrogen. This has been determined experimen- 
tally. Let H be the heat liberated by the chemical 
combining weight of any body combining with 
another. H is taken in kilogram calories. Hence it 
follows that for a quantity of the substance equal to 
.000010384 gram X chemical combining weight, the 
heat liberated will be equal to H X .000010384, 
which corresponds to a number of kilogram meters 
of work expressed by .000010384 X H X 424. The 
work done by a current in kilogram-meters = 
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"^^^ ^9^'"'"'''' 0^ ^^^ 0^^® coulomb = 1^. This ex- 
presses the work done by one coulomb. Let the 
volts = E, and equate these two expressions: 

g|i = .000010384 X H X 424, 

which reduces to 

E = H X .043. 

Bale 61, page 78. For the work (in kilogram- 
meters) done by a current (volt-coulombs) we have 
the general expression: 

„_ volts X coulombs ^« E Q 

^= 9l8 ^""^ (1) 

Making W = 1 (i. e. one kilogram-meter) and 
transforming, we have, as the coulombs correspond- 
ing to 1 kilogram-meter: 

^= -W (2) 

One coulomb of electricity liberates a weight (in 
grams) of an element equal to the jproduct of the 
following: .000010384 X equivalent of element in 
question X number of equivalents -*- valency of the 
element. Therefore, the coulombs corresponding 
to one kilogram-meter, liberates this weight multi- 
plied by ^ or indicating weight by G, 

„ _ .000010384 X equiv. X number equiv. ^ 9^ 

~ valency E (3) 

but .000010384 X 9.81 = .000101867. 

p _ ^l^iy- X n X .00010 1867 
• '• ' ~ Ex valency (4) 

Rule 73, page 98-99. The voltage of an armature of 
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a definite number of turns of wire and a fixed speed, 
varies with the lines included within its longitu- 
dinal area, as such lines are cut in every revolution. 
These lines vary with its area, and the latter varies 
with the square of its linear dimensions. 

To maintain a constant voltage if the size is 
changed, the number of turns must be varied in- 
versely as the square of the linear dimensions. 
This ensures the cutting of the same number of 
lines of force per revolution. 

If, therefore, its size is reduced from iZJ to ^ the 
turns of wire must be changed from x to oc^. The 
relative diameters of the two sizes of wire is found 
by dividing a similar linear dimension by the rela- 
tive size of the wire. But ~ -^ x^ = \ = diameter of 
the wire for maintenance of a constant voltage with 
change of size. 

The capacity of a wire varies with the square of 
its diameter and (^-3)2 ^ !«• 

Therefore the amperage, if a constant voltage is 
maintained, will vary inversely as the sixth power of 
the linear dimensions of an armature. 



CHAPTER XL 

NOTATION IN POWEBS OF TEN. 

This adjunct to calculations has become almost 
indispensable in working with units of the C. G. S. 
system. It consists in using some power of 10 as a 
multiplier which may be called the factor. The 
number multiplied may be called the characteristic. 
The following are the general principles. 

The power of 10 is shown by an exponent which 
indicates the number of ciphers in the multiplier. 
Thus 10^ indicates 100; 10* indicates 1000 and so 
on. 

The exponent, if positive, denotes an integral 
number, as shown in the preceding paragraph. The 
exponent, if negative, denotes the reciprocal of the 
indicated power of 10. Thus 10"' indicates jh; lO"* 
indicates r^v and so on. 

The compound numbers based on these are re- 
duced by multiplication or division to simple expres- 
sions. Thus: 3.14 X 10^= 3.14 X 10,000,000 = 

31,400,000. 3.14 X 10-^ = ^-^^ or j;^^^^ Re- 

gard must be paid to the decimal point as is done^ 
here. 
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To add two or more expressions in this notation 
if the exponents of the factors are alike in all re- 
spects, add the characteristics and preserve the same 
factor, ^hus: 

(51 X W) + (54 X 10« )= 105 X 10«. 
<9.1 X10-») + (8.7 X 10-») = 17.8 X 10-». 

To subtract one snch expression from another, 
subtract the characteristics and preserve the same 
factor. Thus: 

(54 X 10*) - (51 X W) = 3 X 10\ 

If the factors have different exponents of the 
same sign the factor or factors of larger exponent 
must be reduced to the smaller exponent, by factor- 
ing. The characteristic of the expression thus 
treated is multiplied by the odd factor. This gives 
a new expression whose characteristic is added 
to the other, and the factor of smaller exponent is 
preserved for both. 

Thus: 

(5 X 10') + (5 X 10*) = (5 X 10') + (5 X 100 X 
10') = 505 X ]0'. 

The same applies to subtraction. Thus: 

(5 X 10») - (5 X \{f) = (5 X 100 X 107) - (5 X 
10') = 495 X 10'. 

If the factors differ in sign, it is generally best to 
leave the addition or subtraction to be simply ex- 
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pressed. However by following the above rule it 
can be done. Thus: 

Add 5 X 10^ and 5 X 10«. 

5 X 10* = 5 X 105 X 20-2 . (5 X 105 X ^q-s^ + (5 x 
la*) =- 500005 X m\ This may be reduced to a 
fraction ^= 5000.05. 

To multiply add the exponents of the factors, for 
the new factor, and multiply the characteristics for 
a new characteristic. The exponents must be added 
algebraically: that is, if of different signs the numer- 
ically smaller one is subtracted from the other and 
its sign is given the new exponent. 

Thus: 

(25 X W) X (9 X 10«) = 225 X 10". 
(29 X 10-^ X (11 X 10^) = 319 X 10-^ 
(9 X W) X (98 X 10-^ = 882 X 10«. 

To divide, subtract (algebraically) the exponent 
of the divisor from that of the dividend for the ex- 
ponent of the new factor, and divide the character- 
istics one by the other for the new characteristic. 
Algebraic subtraction is effected by changing the 
sign of the subtrahend, subtracting the numer- 
ically smaller number from the larger, and giving 
the result the sign of the larger number. (Thus to 
subtract 7 from 5 proceed thus: 5 — 7 = —2.) 

Thus: 

(25 X 10^) ^ <5 X W) = 5 X 10-2 
(28 X 10-*) - (5 X 108) = 5.6 X 10". 
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IL— EQUIYALE5TB OF TTSTTS OF ASEA. 



I i 

Soiiare ' Sqnare Cirrakr ' Sqiure 
i Millimeter CentimetV, MiL MiL 


Square 
Inch. 


Square 
foot 


Square Mmimeter 


1 

1 ; 0.10 1973.6 1560.1 

1 


.00155 


.9000108 


Square Centfaneted 


100 ' 1 ' 197^1 

1 


155,007 


.15&00T 


.C01076 


CireiilarMfl. 


.000507 1 .0000061 1 


.78510 


8X10-» 




Square Mil. 


.000645 ! .OOOOOeS 1.2738 

1 


1 


.000001 




Square Inch 


645.132 


6.451 


1,278,288 


1,000,000 


1 


.006944 


Sqoflce Foot 


92,888.9 


928.980 






144 


1 



m.— EQUIVALENTS OF TJNITB OF VOLUME. 





Cubic 
Inch 


Fluid 
Ounce 


Gallon 


Cubic 
Foot 


Cubic 
Yard 


Cu. Cen- 
timeter 


Lltffl- 


Cubic 
Meter 


Cnbiclnch 


1 


.654112 


.004829 


.000678 




16.8862 


.016886 




Fluid Oz. 


1.80469 


1 


.007812 


.001044 




29.5720 


.029672 




Gallon 


231 


128 


1 


.188681 


.00495 


8786.21 


8.78521 


.003785 


Cubic Ft. 


1728 


067.606 


7.48062 


1 


.087037 


28816.8 


28.8163 


.028316 


Cubic Yd. 


46,650 


26,862.6 


201.974 


27 


1 


764,605 


764.505 


.764505 


Cu. Conti 


.061027 
C1.0J7 
61027 


.083816 
»3.810l) 


.000204 
.204189 


.000085 
.035317 




1 


.001 


.000001 


Liter 




1000 


1 


.001 


Cu. Meter 


83816 


264.180 


86.8169 


i.soeo 




1000 


1 
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rV.— EQUIVALENTS OF UNITS OP WEIGHT. 





Grain. 


Troy 
Ounce. 


Pound 

Avs. 


Ton. 


Milli- 
gram. 


Gram. 


Kilo- 
gram. 


Metric 
Ton. 


Oraiii 


1 


.020888 


.000148 




64.799 


.064799 


.000065 




TroyOunce 


480 


1 


.068641 




81,108.5 


81.1085 


.081104 




PoundAys. 


7,000 


14.5888 


1 


.000447 




458.598 


.458598 


.000454 


Ton 




82,666.6 


2240 


1 






.001016 


1.01606 


Milligram 


.015432 


.000082 


.000002 




1 


.001 


.000001 




Oram 


15.4828 


.082151 


.002205 




1000 


1 


.001 




Kilogram 


15j482.8 


82.150T 


2.20462 


.000984 


1,000.000 


1000 


1 


.001 


Metric Ton 




82,160.7 


2204.62 


.98421 




1,000.000 


1000 


1 
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V.-EQmVALENT8 OF UNITS 





Erg. 


Meg- 
erg. 


Oram-de- 
greeC. 


Kilogram- 
degree 0. 


Pound- 
degree C. 


Pound- 
degree F. 


Erg. 


1 


.000001 










Meg.-erg. 


1,000,000 


1 


.024068 


.000024 


.000068 


.000095 


Ckam-degree G. 




41.5487 


1 


.001 


.002205 


.008968 


Kilogram-degreeC. 




41,648.7 


1000 


1 


2.2046 


8.9688 


Pound-degree C. 




18,846.6 


468.69 


.45869 


1 


1.8 


Pound-degree F. 




10,470.1 


261.996 


.251995 


.656666 


■V 


Watt-Second. 


10^ 


10 


.24068 


.000241 


.000581 


.000965 


Orazn-centimeter. 


981 


.000981 


.0000286 








Kflogram-meter. 


98.1X10* 


98.1 


2.86108 


.002861 


.006206 


.009870 


Foot-Ponnd. 




18.6626 


.826426 


.000826 


.000720 


.001296 


Horse-Power-Sec. 
KngllRh. 




7460.48 


179.486 


.179486 


.8967 


.71248 


Horse-Power-Sec. 
Metric. 




7867.6 


177.076 


177.076 


.890876 


.70276 
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OF ENEBGY AND TTOEK. 



Watt- 
Second. 


Gram- 
Centim*tr. 


Kilogram- 
meter. 


Foot- 
pound. 


Horse- 
power- 
second 
English. 


Horse- 
power- 
second 
Metric 




10-T 


.001019 










Erg. 


.1 


1019.87 


.010194 


.078784 


.000184 


.000186 


Meg-erg. 


4.16487 


42,858.5 


.428685 


8.06865 


.00557 


.005647 


Gram-degree G. 


4154.87 




428.585 


8068.55 


5.57 


6.64708 


Kilogram-degreeG. 


1884.65 




192.114 


1889.6 


2.52668 


2.66149 


Pound-degree G. 


1047.08 


L . 


106.780 


772 


1.40864 


1.42805 


Ponnd-d^^ree F. 


1 


10,198.7 


.101987 


.787887 


.0018406 


.0018592 


Watt-Second. 


.000098 


1 


.00001 


.000072 






Gram-Centimeter. 


9.81 


100,000 


1 


7.28828 


.018152 


.0!8884 


Kilogram-meter. 


1.85626 


18,825.8 


.188258 


1 


.0018182 


.001848 


Foot-Pound. 


745.948 




76.0892 


650 


1 


1.01888 


Horse-Power-Sec. 
English. 


785.75 




75 


542.496 


.986856 


1 


Horse-Power-Sec. 
Metric 
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VL— TABLE OF SPECIFIC BESIBTANCES IN MICROHMS AND 
OF COEFFICIENTS OF SPECIFIC BESIBTANCES OF METALS. 



Annealed Silver 

HardSflver 

Annealed Copi>«. . . . 

Hard Copper 

Annealed Gold 

Hard Gold 

Annealed Alhuninnm 

Compressed Zinc 

Annealed Platinom. . 
" Iron 



Specific 
Besist- 


c 

Coeffi- 
dents of 


anoe.Mi- 
crohma. 


Sp. Bes. 


1.621 


.9412 


1.662 


1 0223 


1.616 


1.0000 


1.662 


1.0228 


2,081 


1.2877 


2.118 


1.8107 


2 946 


1.8224 


6.689 


8.5204 


9.158 


6.6671 


9.826 


6.0798 



Annealed Nickel . . . 

Comprea'd Tin 

•^ Lead... 
" Antimony 
" Bismuth 

Liquid Mercury 

2 Silver, 1 Platinum 

German Silver 

2 Gold, 1 Silver.... 



Specific 

Besist- 

anoe.Mi- 

crolims. 



12.60 
18.86 
19.86 
86.90 
182.70 
99.74 
24.66 
21.17 
10.99 



Coeffi- 
cients of 
Sp. Bes. 



7.7970 
8.2678 
12.2884 
22 2168 
82.1170 
61.7208 
16 2699 
18.1002 
6.8008 



.SPECIFIC BESISTANCE OF SOLUTIONS AND LIQUIDS. 

MATTHIBSSXN AHD OTHXBS. 



Names of SofaitionB. 


Temper- 
ature 
Centi- 
grade. 


Temp^- 
ature 

Fahnm- 
belt 


Spedflc 

Besistance. 

Ohms. 


Copper Sulphate, concentrated 

" with an equal volume of water 
" with three volumes of water 

Common Salt, concentrated 


90 
«t 

ti 

I80 
ii 

it 

ti 

140 
ti 

ti 

14.80 
14.6'^ 
12.80 
12.80 
140 
240 


48.20 

u 
ti 

66.40 

It 
it 
t. 

67.20 
It 

it 

67.80 
68. 1» 
54.50 
66.00 
67.20 
76.20 


29.82 

46 64 

77.68 

6.98 


" with an equal volume of water . . 

" with two volumes of water 

** with three volumes of water. 

Zinc Sulphate, concentrated 

" with an equal volume of water . . 

" with two volumes of water 

Sulphuric Acid, concentrated 

60.6ji, Specific Gravity 1.898. . . 

" 29.6j(, Specific Gravity 1.216. . . 

" 12j{ Specific Gravity 1.080... 

Nitric Add, Specific Gravity 1.86 (Blavier) .... 
<( (t it it 


6.00 

9.24 

11.89 

28.00 

22.75 

29.76 

6.82 

1.066 

.88 

1.868 

1.45 

1.22 


Distilled Water, (Temp'turc unknown) (Pouillet) 


982. 



VIL— RELATIVE BE8ISTANGE AND CONDUCTANCE OF PUBE 
COPPER AT DIFFES£I{T TEMPEEATUBEfi. 

MATTHIBS6XN. 



0« 
1 

2 

8 

4 

6 

6 

T 

8 

9 
10 
11 
12 
18 
14 
15 



82P 

88.8 

85.6 

87.4 

89.2 

41 

42.8 

44.6 

46.4 

48.2 

50 

61.8 

68.6 

66.4 

67.2 

69 



Belatiye 
BesUtoooe. 



1. 

1.00681 

1.00766 

1.01186 

1.01616 

1.01896 

1.0228 

1.02668 

1.00048 

1.08486 

1.08822 

1.04210 

1.04699 

1.0499 

1.06881 

1.06774 



Belatiye 
Condnetanoe 



1. 



.99620 

.9926 

.98878 

.98608 

.98189 

.97771 

.97406 

.97042 

.96679 

.96819 

.96960 

.96608 

.96247 

.94898 

.94641 



[^ 



B B 



hi 

ll 



16° 

17 

18 

19 

20 

21 

22 

28 

24 

26 

26 

27 

28 

29 

80 



60.8<J 

62.6 

64.4 

66.2 

68. 

69.8 

71.6 

78.4 

76.2 

77. 

78.8 

80.6 

82.4 

84.2 

86. 



Belatiye 
Besistanoe. 



Belatiye 
Conductance - 



1.06168 
1.06668 
1.06969 
1.07866 
1.07764 
1.08162 
1.08668 
1.08954 
1.09866 
1.09759 
1.10162 
1.10567 
1.10972 
1.11882 
1.11785 



.9419 

.98841 

.98494 

.98148 

.92804 

.92462 

.92120 

.91782 

.91445 

.9111 

.90776 

.90448 

.90118 

.89784 

.89467 
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Vm.— AMERICAN WISE OAUOB TABLE. 
Properties of Copper Wire : Spedflc OntyHy, 8.878 ; Specific Condactivity, 1.766 at 75'> F. 



1 


SiZB. 


Wkoht akd Lknoth. 


Bbbistanck. 


|i| 


1 














\ 






1 


Diam- 
eter in 

MilB. 


Sanareof 

Diameter 

w circular 

Mlla. 


Grains 

per 

Foot 


Poinds 
Feet 


Feet 

per 

Pound. 


Olmu 

per 1000 

Feet 


Feet 
OnmA. 


Ohms per 
Pound. 


0000 


460.000 


211600.0 


4477.B 


689.60 


1.664 


.061 19929.7 


.0000786 


480 


000 


40i» 640 


167804.9 


8660.5 


607.22 


1.971 


.068 


16804.9 


.000126  


262 


00 


861 800 


188079.0 


2815.8 


402.26 


2.486 


.080 


12684.2 


.000198 


208 





824.960 


106692.6 


2286.2 


819.17 


8.188 


.101 


99458 


.000316 


165 


1 


289.800 


88694.49 


1770.9 


262.98 


8.962 


.127 


7882.8 


.000601 


130 


2 


257.680 


66878.22 


1404.4 


200.68 


4.994 


.160 


6251.4 


.000799 


103 


8 


229.420 


62688.68 


1118.6 


169.09 


«.286 


.202 


4967.8 


.001268 


81 


4 


204.810 


41742.67 


888.2 


126.17 


7925 


.264 


8931.6 


.002016 


65 


5 


181.940 


88102.16 


700.4 


100.06 


9.995 


.821 


3117.9 


.008206 


62 


6 


162.020 


26260.48 


666.4 


79.84 


12.604 


.404 


2472.4 


.006098 


41 


7 


144.280 


20816.72 


440.4 


62.92 


15.898 


.609 


1960.6 


.008106 


82 


8 


128.490 


16609.68 


8498 


49.90 


20.040 


.648 


1655.0 


.01289 


26 


9 


114.480 


18094.22 


277.1 


89.68 


26.266 


.811 


1288.3 


.02048 


20 


10 


101.890 


10881.67 


219.7 


81.88 


81.867 


1.028 


977.8 


.03269 


16 


11 


90.742 


8284.11 


174.2 


24.89 


40.176 


1.289 


776.6 


.06181 


13 


12 


80.808 


6629.98 


188.2 


19.74 


60.659 


1.62<« 


616.02 


.08287 


10.2 


18 


71.961 


6178.89 


109.6 


16.66 


68.898 


2.048 


488.25 


.13087 


8.1 


14 


64.084 


4106.76 


86.87 


12.41 


80.580 


2.686 


886.80 


.20680 


6.4 


16 


67 066 


8266.76 


68.88 


9.84 


101.626 


8.177 


806.74 


.33138 


6.1 


16 


60.820 


2682.67 


64.67 


7.81 


128.041 


4.582 


248.26 


.62638 


4.0 


17 


46.267 


3048.19 


48.88 


6.19 


161.651 


6.188 


192.91 


.88744 


8.2 


IS 


40.808 


1624 88 


84.87 


4.91 


208.666 


6.686 


152.99 


1.8312 


2.6 


19 


86.890 


1262.46 


26.60 


8.786 


264.186 


8.477 


117.96 


2 2892 


1.96 


20 


81.961 


1021.61 


21.60 


8.086 


8^045 


10 894 


96.21 


8.8488 


1.60 


21 


28.462 


810.09 


17.14 


2.448 


408.497 


18.106 


76.80 


6.8589 


1.28 


22 


25.847 


64.2,47 


18.69 


1.942 


514.988 


16.626 


60.61 


8.6099 


1.08 


28 


22 571 


609.45 


10.77 


1.689 


649.778 


20.842 


47.98 


18.884 


.80 


24 


20 100 


404.01 


8.56 


1.221 


819.001 


26.284 


: 88.05 


21.624 


.63 


25 


17 900 


820.41 


6.77 


J>67 


1084.126 


88.186 


80.18 


84.298 


.60 


26 


16.940 


264.08 


6.88 


.768 


1802.088 


41.789 


28.93 


54.410 


.40 


27 


14.196 


201.49 


4.26 


.608 


1644.787 


02.687 


18 98 


86.667 


.31 


28 


12.641 


169.79 


8.89 


.484 


2066116 


66.446 


1605 


187.288 


.25 


29 


11 267 


126.72 


2.69 


.884 


2604.167 


88.762 


11.94 


218.104 


.20 


30 


, 10 026 


100.60 


2.11 


.802 


8311.253 


106.641 


9.466 


349.806 


.16 


81 


! 8928 


79.71 


1.67 


.289 


4184.100 


138.191 


7.608 


557.286 


.13 


82 


7.960 


68.20 


1.88 


.190 


6268.168 


168.011 


6.962 


884.267 


.098 


88 


7.080 


60.18 


1.06 


.161 


6622.517 


211.820 


4.721 


1402 78 


.078 


84 


6.804 


89.74 


.847 


.121 


8264.468 


267.166 


8.748 


2207.98 


.062 


85 


6.614 


81.62 


,668 


j094 


10688.80 


836.81 


' 2.969 


3683.12 


.049 


86 


6.000 


26.t)0 


.626 


,075 


18888.88 


424.66 


2.855 


6661.71 


.089 


87 


4468 


19.88 


.420 


.060 


16666.66 


686.88 


1.868 


8922.20 


.081 


88 


8.966 


16.72 


.816 


.045 


22222.22 


676.22 


1.481 


15000.5 


.025 


89 


8.581 


12.47 


.266 


.088 


26315.79 


851.789 


1.174 


, 22416.6 


.020 


40 


1 8.144 


9.88 


.210 


.080 


88888 88 

1 


1074.11 


.981 


85808.8 

1 


.015 
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IX.-CHEMIOAL AND THEBMO-OHEMIOAL EQXTIVALENTS. 

FOBMAnON OF Ozn>B8. 



Name of Compound. 



Water 

Iron Protoxide.. 
Iron SesQuioxide 

ZincOziae 

Copper Oxide. . 
Mercory Oxide. . 







Chemical 


Combin- 


Formola. 


Valenoy. 


Eqnlv- 
alenta. 


ing 


H8 


II 


18 


9 


FeO 


II 


73 


86 


Fesos 


m 


160 


68.8 


ZnO 


II 


81 


40 5 


CuO 


U 


T9.4 


89. T 


HgO 


II 


216 . 


108 



Thenno- 
Obemlcal 
Equiv- 
alents. 



84 

84 

81 

48.2 

19.2 

15.5 



5 
5 
9x8 



-a^ 



FOBMATION OF SaLIB. 



Niameof 
Base. 


Va- 
lency. 


Iron 


II 


Zinc 


II 


Copper 


1 
11 


Mercmy 


II 



FOBMITLA. 

Chemical Eqnivalenta . . 
Combining weights ... 
Thermo-Cnemlcal EquivUts 



Fe(N03)a 
180 
90 
IS 9 



Formula 

Chemical Eqnivalente 

Combining weights 

Thermo-Cnemical Eqniy*lt8 



FoBaruxA. 
Chemloa) Egnlyalents . . 

Combining Weighta 

TheniMHJhemlcal EqniT^lts 



FOBVULA. 

Chemical Equivalents ..... 

Combinisg weights ....... 

Thermo-Cnemical Equiv Mts 

4= 



Nitrates 



Zn(NOS)S 
1^ 
94.6 

9.8 



Ou(NOS)8 
187.4 
98.7 
7.6 



HgfNOS)a 
824 
162 
7.6 



Sul- 
phates 



FeBOA 
186 
68 
12.5 



ZnSOA 

161 
80.6 
11.T 



On80i 
169.4 
79.7 
9.2 



HgSOl 
280 
140 
9.2 



Chlo- 
rides 



Feci* 
127 
68.6 
00 



ZnCls 
186 
68 
66.4 



OuCia 

184.4 

67:2 

81.8 



HgCia 
271 
186.6 
9.45 



Cya- 
nides. 



Fe<>ra 

66 
8.2 

ZnCV a 
117 
68.5 
T.8 



CnCjS 
125.4 
62.7 
7.8 



mrC 
252 



Cy» 



126 
15.0 



*t » •*' 
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X.— CHEMICAL AND ELECTRO-CHEMICAL EQUIYALENTB. 



Name 



Hydrogen 

Gold 

SUver 

Copper (Cuprlc) 

Meroory (Mercuric).. 

*• (Mercuroiu). 

Iron (ferric)...,. .., . 

'• (ferrous) 

Nickel 

Zinc 

Lead 

Oxygen 

Chlorine 



Symbols ^^g 



H 

Au 

' m' 

Hg.. 
Hg. 

Fe.. 
Ni 
Zn 
Pb 
O 
CI 



I 
III 

I 

II 
II 

f 

III 
II 
II 
II 
II 
11 

I 



Chemical 
Equivalents 



Comtiining 
Weighta 



1 
196.6 
108 

63 
200 
200 

56 

56 

59 

65 
207 

16 

85.6 



1 

65.6 
108 

81.5 
100 
200 

18 7 

28 

29.5 

82.5 

10B.5 

8- 

86.5 



Electro- 

Chemioal 

EqulvalentB 



.0105 
.68n 

1.184 
.8807 

1.05 

2.10 
.1964 
.294 
.8098 
.8418 

1.0868 
.84 
.8728 



XI.— MAGNETIZATION AND MAGNETIC TRACTION. 



B 


B, 


Dynes 


Grammes 


Ellogrs. 


Poondfl 


Lines per 


Lines per 


per 


per 


per 


per 


sq. cm. 


sq. in. 


sq. centim. 


sq. centim. 


sq. centim. 


aq. inch. 


~ 1,000 • 


&,460 


89,790 


40.56 


.0456 


.67T 


2,000 


12,900 


159,200 


162.8 


.1628 


2.808 


8,000 


19,850 


858,100 


866.1 


.8661 


5.190 


4,000 


25,800 


686,600 


618.9 


.6489 


9.888 


5,000 


82,250 


994,700 


1,014 


1.014 


14.88 


6,000 


88,700 


1,482,000 


1,460 


1.460 


80.76 


7,000 


46,160 


1,950,000 


1,987 


1.98T 


88.86 


8,000 


61,600 


2,547,000 


2,506 


8.566 


86.96 


9,000 


58,060 


8,228,000 


8,286 


8.286 


46.18 


10,000 


64,600- 


8,97»,000 


- 4,^5^ 


- 4.066 


67.68 


11,000 


70.960 


4,815,000 


4,907 


4.907 


69.7T 


12,000 


77,400 


5,780,000 


5,841 


5.841 


88.07 


18.000 


88,860 


6,725,000 


6,856 


6.865 


97.47 


14,000 


90,800 


7,800,000 


7,550 


7.660 


118.1 


15,000 


96,750 


8,958,000 


9,124 


9.124 


129.7 


16,000 


108,200 


10.170,000 


10,890 


10.89 


147.T 


17,000 


109,660 


11,500,000 


11,720 


11.72 


166.6 


18,000 


116,100 


12.890,000 


18,140 


18.14 


186.8 


19.000 


122,560 


14,690,000 


14,680 


14.68 


808 1 


20,000 


129,0)0 


16,920,000 


16,280 


16.28 


280.8 
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Xn.— PERMEABILITY OF WROUGHT AND CAST JEON. 

SQUASB CENTIMSTBB MKABURSMEITT. 



Anneatod Wrought Iron. 



Gray Cast Iron. 



B 


/^ 


H 

1 

1 


! B 

i 


M 


H 


6,000 


8,000 


1 
1.66 1 


i 4,000 


800 


6 


9,000 


2,260 


4 


6,000 


600 


Id 


10,000 


2,000 


6 


6,000 


279 


21.5 


11,000 


1,98% 


6 5, 


T,000- 


188 


42 


i2»oeo 


1,413 


8.5 , 


' 8,000 


100 


80 


18,000 


1,088 


12 


) 9,000 


71 


127 


14,000 


828 


17 


10,000 


68 


. 188 


l^ooo 


52C 


28. 5 


11,000 


87 


292 


16,000 


820 

161 

90 


50 
105 
200 








17,000 


1 






18,000 


1 


•• ••• •*.»• 




19,000 


54 


850 


...■«■•-• ■•'« . • 







90,000 


80 


666 

















BQUABS INCH MEASUREMBITT. 



A imfiBled"'^^<ingfat Iron. 



B. 


M' 


80,000 


4,660 


- 40;00© 


8,8n 


60,000 


8,081 


60,000 


2,159 


70 000 


1,921 


80 000 


1,409 


90,000 


907 


100,000 


408 


110,000 


166 


180,000 


76 


180,000 


85 


140,000 


27 




6:5 
10.8 
16.5 
27.8 
86.4 
56.8 
99.2 
245 
664 
1,581 
8,714 
5.1S5 



Gray Cast Iron. 



B. 



M' 



H, 



25.000 


768 


82.7 


80.000 


756 


89.7 


40,000 


258 


166 


50.000 


114 


489 


60,000 


74 


 607 


70,000 


40 


1,480 
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PEBMEABILITY OF 80PT GHABOOAL WBOUGHT lEON. 

(SBSLfOBD BIDWKIX.) 
BQCAXI OJm T iMJgrJUt If SASUBB. 



B 




H 


7.800 




1899.1 




8.9 


11,560 




1121.4 




10.8 


16,4«) 




886.4 




40 


1T,8«0 




160.7 




116 


18,470 




88.8 




20S 


. }l:^ 


f . . »■ 


46.8 
88.9 




427 
686 






, . -■*•..■■ b-.-j — J_ 


<. .. 





SQUABS DtOH MSASUBXiaEZrT. 



B, 


M' 


H. 


47,414 


1897 


26.0 




74,104 


1122 


66.1 




99,191 


888 


266 




!"'!? 


160 


788 




118,604 


88.8 


1886 




124,021 


46.8 


2740 




127,166 


88.9 


8768 





B 
H 



Both In lines of force. 



Biagnetic Fhix. 

Magnetizing Farce. 

B the Permeability or multiplying power of the core. 



.! 
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XIII.~MAQNETIO jaSLUOTASrCE OF AIB BSTWESH TWO PARALLET, 

CYLIECDEB8 07 IBOISC. 



b 
P 




IlKJB IJxnB. 


Bado of least 




distance apart 








to dreumferenoe. 








0.1 


.1954 


6.1066 


0.0771 


12.968 


0.2 


.270T 


8.6017 


0.1066 


9.877 


0.8 


.8261 


8.0768 


0.1280 


7.816 


0.4 


.8688 


2.7168 


0.1450 


6.897 


0.5 


.4046 


2.4716 


0.1598 


6.278 


0.6 


.4861 


2.2988 


0.1717 


6.825 


0.8 


.4887 


2.0466 


0.1924 


6.198 


1.0 


.6816 


1.8807 


0.2098 


4.777 


1.2 


.6684 


1.7996 


0.2288 


4.671 


1.4 


.6007 


1.6645 


0.2866 


4.228 


1.6 


.6289 


1.5902 


0.2476 


4.089 


1.8 


.6641 


1.5287 


0.2575 


8.888 


2.0 


.6774 


1.4764 


0.2667 


8.750 


4.0 


.8867 


1.1968 


0.8290 


8.040 


6.0 


.9819 


1.0782 


0.8669 


2.726 


8.0 


1.0047 


.9958 


0.8956 


2.628 


10.0 


1.0544 


.9484 


0.4151 


2.409 



In this, table in columns 2 and 8 the Unit length of a cylinder Is taken as 1 centi- 
meter ; in columns 4 and 6 as 1 inch. j9 »- Qircumflarenoe (^cylinder & — shortest 
dialanoe apart 



XIV. -TABLE OF 6TH BOOTS. 



Num- 
ber 


Sixth 
Boot 


Number 


Slrth 
Boot 


Num- 
ber 


Sixth 
Boot 


Number 


Sixth 
Boot 




.69865 




.0&82O 


U 


1.0177 




1.0978 




.70717 




.96860 


u 


1.0192 




1.1019 




.72806 




.07006 


1* 


1.0226 




1.1068 




.74186 




.07468 


u 


1.0260 




1.1087 




.76478 




.0T798 


H 


1.0808 




1.1107 




.79870 




.96056 


U 


1.0879 




1.1119 




.88268 


A 


.98266 


1* 


1.0401 


lA 


1.1129 




.89090 






U 


1.0699 


2 


1.1287 


1 


.98462 






If 


1.0888 
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XV.-STANDAED AND BIBMINGHAM WIRE GAUGES. 





StAITDABB. 


- 


BiRMINOHAM. 


Number of 
Gauge. 


Diameter 
in Mils. 


r 

Square of 
Diameter or 
Circ'l'r Mils. 


Number of 
Gauge. 


Diameter 
in Mils. 


Square of 
Diameter or 
CircTr Mils. 


0000000 


500 


250000 


0000 


454 


206116 


000000 


464 


215296 


000 


425 


180626 


00000 


482 


186824 


00 


. 880 


144400 


0000 


400 


160000 





840 


116600 


000 


872 


1888S4 


, 1 


800 


90000 


00 


848 


121104 


2 


2S4 


80666 





824 


104976 i 


8 


269 


67081 


1 


800 


90000 


4 


288 


56644 


2 


276 


76176 ; 


5 


220 


48400 


8 


252 


68504 i 


6 


208 


41209 


4 


282 


58824 


7 


180 


82400 


5 


212 


44944 


8 


165 


27225 


6 


192 


86864 


9 


148 


21904 


7 


176 


80976. 


10 


184 


17956 


8 


160 


25600 ' 


11 


120 


14400 


9 


141 


20736 1 


12 


109 


11881 


10 


128 


16884 


18 


095 


9025 


11 


116 


18456 


14 


088 , 


6889 


12 


104 


10816 1 


15 


072 


5184 


18 


092 


84(>4 


16 


066 


4226 


14 


080 


6400 


17 


068 


8864 


16 


072 


5184 


18 


049 


2401 


16 


064 


4096 1 


19 


042 


1764 


17 , 


056 


8186 


20 


085 


1226 


18 


048 


2804 


21 


082 


1024 
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ALTBRNATma current system 

' 47-49 

Amperage of armature 99 

Ampere 11-12 

Ampere-second 67 

Ampere-turns 87 

Ampere4;ums, rules for calcu- 

culating 87 

Armature amperage of, on 

short circuit 99 

Armature calculations 99-103 

Armature, capacity of 99 

Armature, general features 

of 96 

Armature, resistance of 98 

Armatures, rules for calculat- 
ing 98-99 

Armature, voltage of 99 

Armature winding iron or cop- 
per.... , 96 

Bridob, Wheatstone, principle 
of 25 

Batteries, illustrations of ar- 
rangements 65 

Batteries or generators in op- 
position 15 

Batteries, storage, resistance 
of 66 

Battery arrangement and size 
for given efficiency 73 



Battery, arrangement of cells 

in 67 

Battery calculations, discrep- 
ancies in 72 

Battery, chemicals consumed 

in 78 

Battery constants 66 

Battery, current of 68 

Battery, effective rate of work 

of 77-78 

Battery, efficiency, to calcu- 
late 72 

Battery, electromotive force of 67 

Battery, how rated 66 

Battery, resistance of 67 

Battery, to calculate current 

and arrangement 69-72 

Battery, to calculate its volt- 
age 76-77 

Battery, work of 77-78 

Calorie, gram and kilogram, 

defined 54 

Calorie, relation to watts and 

ergs 54-55 

Capacity of armature winding 97 

Cell constants 66 

Chemicals consumed in a bat< 

tery 78 

Circuits, divided, branched or 

shunt 19-25 
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Circxiits, portions of 17-19 

Circuits, single conductor 

closed 14-16 

Circular mils calculations. . . 44-45 

Circular mils 48-45 

Conductance 86-37 

Conductors of same material. . 36 
Conductors, resistance of dif- 
ferent 36 

Contact, area of in electro- 
magnets and armatures 86 

Convection and radiation, loss 

of beat by 58 

Conversion, ratio of 47 

Converters, rule for winding. . 49 
Cores of field-magnet, to cctlcu- 

late 104 

Counter^lectromotive force 

of plating-batb 80 

Current, battery required for 

a given 69-72 

Current, distribution in paral- 
lel circuits 30-21 

Current, its heating effect and 

energy 60 

Ciurents passed by branches 

of a circuit 19 

Current, work of 60 

Current yielded by a battery. . 66 

DBinmTtONS, general 9 

Demonstrations of Rules 109 

Derived units 10 

Dimensions, units of 10 

Drop of potential in leads.. 88-41 
Drum type closed circuit arma- 
tures 9&-99 

Duty and commercial effici- 
ency 63-64 

Duty of generators 63 

Effbctivk E. M. F 16 



Efficiency, its relation to resis- 
tances 64 

Efficiency of generators, coip- 
mercial 64 

Efficiency of generators, elec- 
trical 63 

Efficiency, to calculate battery 
for a given 78-74 

Electro-magnets and djtuunos 83 

Electro-magnets, general rules 
for 85 

Electro-magnets, to magnetr. 
ize 86-87 

Electro-magnets, traction of 8Sr86 

Electromotive force of bafr- 
tery 67 

Electro-plating calculations... 79 

Energy defined 9. 

Energy in circuit, rules for de- 
teiTnining 60-53 

Energy of current. 50-63 

E. M. F., its meaning 10 

K M. F., primary and second- 
ary 47 

Erg..... , 54 

FoBCE defined 9 

Force tnagnetic 84 

Fundamental units 10 

Field-magnet cores, to calcu- 
late 104 

Field-magnet for dynamo oit 

motor 104-107 

Field, unit intensity of mag- 
netic 8»-«8 

Qbneratobs, efficiency of.. 63-64 
Qenerators or batteries In 
opposition 15 

Heat, absolute quantity In 
circuit 64 
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Heating effect of current- • 50-58 

Heat specific 57 

Horse-power electrical 61 

Hoiae'power reduction from 

kilogram-meters 00 

Horse-power, to calculate for 

lamps 03 

Jot* LB, his law of beating, ef- 
fect of currents 50 

Joule or gram-calorie 54 

Eapp, Gisbert, his line of 

force J07-108 

Kilogram-meters 00 

LsADS, tapering in size 41-42 

Leakage between cylindrical 

magnet leg, to calculate. 91 

Leakage between flat magnet 

surfaces, to calculate 91 

Leakage of lines in a mag- 
netic circuit 96 

Leakage of lines of force 89 

Line of force, Kapp's 107-106 

Lines of force 8j3 

Lines of force cut per second 

for one volt 06 

Lines of force, leakage of 80 

Lines of force, to diminish 
leakage of 94-95 

Magnetic circuit 84 

Magnetic circuit calculations 

86-89 

Magnetic circuit, the law of . . . 86 
Magnetic circuits, four parts 

of 88 

Magnetic circuits, general cal- 
culations for ' 98 

Magnetic field 83-83 

Magneticflux 82-88 



Magnetic force 84 

Magnetic potential, average 

difference of 90 

Magnetism, no insulator of 84 

Magnetizing force 87 

Magnet legs, long and short. . . 94 

Mass defined 9 

Metals, deposition of, by bat- 
tery 79 

Mho, unit of conductance 86 

Mil, circular, calculations 

based on 44-45 

Mils, circular 43 

Mils, circular, applied to alter- 
nating current 48 

Multiple arc connections, to 
calculate 88-42 

Neutral wire in three wire 

system 40 

Notation in powers of ten. ..118 

Ohm 11-12 

Ohm's law 18-25 

Ohm's law, its universal ap- 
plication 14 

Ohm's law, six expressions 
of 13-14 

Pahallkl connections of equal 

resistance 23 

Parallel leads, resistance of . . . 22 

Permeance 83-84 

Permeability 85 

Permeability, average i'anf?e 

of 104 

Potential, diagram for calcula- 

Ungfallof 41 

Potential difference 86-42 

Potential difference, drop, or 

fallof 17 

Potential, drop of in leads. . . 86-42 
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Powers of ten, notaticMi in 118 

Primary E. M. F. 47 

Proving armature calculations 103 

Radiation and convection, loss 

of heat by 58 

Rate of heat-energy, units of 63 

Ratio of conversion 47 

Reluctance 83-84 

Reluctance, calculation of . .  87 

Resistance 26-85 

Resistance and efficiency, how 

related , 64 

Resistance defined*. 9 

Resistance of battery 67 

Resistance of circuit, note rela- 
tive thereto 14 

Resistance of parallel leads. 2^28 
Resistance referred to weight 

of conductor 35^ 

Resistance specific 29 

Resistances, two in battery 

circuits 66 

Resistance, universal rule for 31 32 
Rules, demonstrations of 109 

Sapkty-catchks for fuses, how 

calculated 59 

Secondary E. M. F 47 

Series winding for dynamos. . 106 

Shunt circuits 19 

Shunt circuits, resistance of . . . 22 

Shunt winding for dynamos. . . 107 



Space defined 9 

Specific heat 57 

Specific resistance 30-31 

System, alternating current. 47-49 

Systems, special 46-49 

System, three wire 46-47 

Three wire system 48 

Three wire system, saving in 

size of wires 46 

Three wire system, the neutral 

wire 46 

Time defined 9 

Units, concrete statement of . . 12 

Units fundamental 10 

Units, original and derived 10 

Volt 10-12 

Voltage of battery, to calcu- 
late 76-77 

Volt-amperes 56-60 

Watt 56-60 

Weight defined 9 

Weight of conductor, resist- 
ance referred to 35-36 

Wheatstone bridge, principle 

of 25 

Winding, series and shunt 106-107 
Wire, rule for heating of, by a 

current 59 

Work defined 9 

Work of current 60 
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